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THE SECOND EDITION. 


A sicond edition of this book being called lor, the 
Authoi has j»paicd no pninb Lo impiove it copious 
notes, and diagrams, illnstiativo ni the text, have 
boon subjoined. Many pai ts liavc been alloi ed, nnd 
much new mnttei has been added, m oulci to kcop 
pace with the inpid progi ess of the physical sci- 
ences Even since the last pages have been punted, 
discoveries have been published, of suflicionl im- 
portance to icquho an additional shooL. 




PREFACE, 


Till' piogicss ol model n si 1 ionic, ORpccudly wiilim 
tlio last five ycais, lias boon ieninikablo ioi u tend 
cney Lo simplify the lows of nnlme, and to mult 
detached branches by geneinl principles In 
some cases identity has been proved wheie tin ri 
appealed to be nothing in common, ns in tlu ih< 
tin. and magnet it influences, in othms, as tliaL ut 
light and heat, such analogies lmve been poiiihd 
out as to jiiBtily the expectation, thnt tlu ^ mil 
ultimately he lcfencd to the same agent and m 
all thou* exists such a bond of union, ihnl pinti 
uency ennnot be attained in any one withmil a 
knowledge of otlieis* 

Although well awnie that a fai moie extensive 
illustintmn of these views might lmve been givtn, 
the Authoi hopes that enough has been dour t>» 
show the connexion of the physical sciences 
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INTRODUCTION. 


SoniNon, lcgaulcd rb the pm Bill t of truth, must over 
nfioid occupation of consummate mtoicBt, and subject of 
elevated meditation. The contemplation of the woikB 
of ci cation clcvatcn the mmd to the admiution of what- 
ovci is giant and noble, accomplishing Lho object ol all 
Btudy, — which, in tho elegant language of Sir James 
Mackintosh, " ib to lntpiio tho lovo of tiutli, of wis- 
dom, of beauty,- — especially of goodness, tho highest 
beauty, — -and of that supreme and eternal Mind, which 
contains all truth and wisdom, all beauty and goodness. 
By tho lovo or doll gilt Ail contemplation and puisuit of 
theso transcendent aims, for their own sako only, tho 
mind of man is raised from low and perishable otyeots, 
and propnred for those high destinies which are ap- 
pointed for all those who ara capable of them." 

In tracing tho connection of tho physical science^ 
astronomy affords tho most extensive example of their 
union. In it aio combined tho sciences of number ami 
quantity, of rest and motion. In it wo porccive the oper- 
ation of a for co which is mixed up with evory thing that 
oxiata in thoheavons or on earth; which pervades evory 
atom, rulcB tho motions of animate and inanimate beings, 
and is os sensible in tho descent of a rain drop aa in the 
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inthouuction 


falls of Niagara, in the weight of the air as in the pcnods 
of the moon Gravitation not only binds satellites to 
their plane t, and planets to the sun, but it connects sun 
with sun throughout the wide extent of ciention, and is 
the cause of tho distuibancca, as well as of tlio Older, 
of nature since every tremour it excites m any ono 
planot is immediately transmitted to tlio farlhebt limits 
of tlie system, in oscillations, winch correspond m their 
penoda with tlio causa producing them, him sympathetic 
noteB in music, or vibrations fiom the deep tones of an 
organ. 

The heavens afford the mo^t sublimo subject of study 
which can be deiived from science, Tho magnUudo 
and splendour of the objects, tlio inconceivable rapidity 
with which they move, and the onoimous distances be* 
tween them, impress the mind with some notion of the 
energy that maintains them in their motions, with a du- 
rability to which we can see no limit, Equally conspi- 
cuous is the goodness of the great First Cause, m lmvmg 
endowed man with faculties, by which ho can not only 
appreciate the magnificence of his works, but trace, 
with prociBion, tlio operation of his laws, use the globo 
he inhabits as a base wherowith to measure the magni- 
tude and distance of tlio sun and planets, and make tho 
diameter 1 of the earth's orbit the first step of a scab by 
winch he may ascend to the starry firmament. Such 
pursuits, while they ennoble the mind, at the samo 
time inculcate humility^ by showing that tliero is a bar- 
rier whieh no energy, mental or physical, can evor 
enable ua to pa as \ that, however profoundly we may pe- 
netrate the depths of space, there still remain innumer- 
able systcraa, compared with which, those apparently bo 
vast must dwindle into insignificance, or even become 
i Note! 
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inyisiblo, and tlmt not only man, but tho globe lie in- 
habits,- — nay, the whole system of which it fomm no 
small a part, — might lie annihilated, ami its oxlimtmn 
bo unpoiccned m the immenBity of cicalion. 

It must bo acknowledged, that a completo acquaint- 
anco with physical nstionomy can bo attained by tlm r* 
only, who me well vorsed m tho higliei bianchiH id 
mathematical and mcclmmcnl science and that tln\ 
cilono can appicciatc tho extiemo boauty of tho mu Ik 
and of tho moans by which those malts aio ohiaimd 
It is nevertheless tiuo, tlmt a sufficient skill in anulYxU l 
to follow the gencul outline, ■ — to seo tho mutual im- 
pendence of tbo difFeient paita of tho system, nml (n 
comprehend by what moans some ol the mOBt i*\lr** 
ordumi y conclusions liavo been mnved at, — In within 
the reach of many who elmnk fLOin tho task, appalled 
by difficulties, which, perhaps, aio not moro ioimldnliln 
than those mcidont to tho study of tho elements nf 
evoiy branoli of knowledge* Tlioio is a wido dutlntv 
tion between tho dcgieo of mathematical acquhemnd 
ncccssaiy for making discoveries and that which m ir« 
qulslto for nndoretamling what othois have done 

All the knowledge wo possess of external oltfeein In 
founded upon oxpoiiencc, which AuniehoB facts j nml 
tlio comparison of these facts establishes ldatlonB, Aom 
which, induction, tlmt la to say, tho bollof that like cmiw* 
will produce liko offbeta, leads to general laws. Thin, 
experience teaches tlmt bodies fall at tbo suifacc ol llin 
earth with an accelerated velocity, nml with a force pro- 
portional to their moires By comparison, Newton piovisl 
tliat the foico winch occasions tho fall of bodies at (he 
earth's surface, is Identical with Uint which lcl&ini the 
i Notoe f Note 0, 
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moon in her orbit , and induction led linn to conclude, 
that as the moon is kept in hci oibit by tlio atti action of 
the eaith, so the planets might beietatncd in then oibita 
by tho attraction of the sun By such stops lio was led 
to the discovery of one of those poweis, with which tho 
Croatoi haB oi darned, that matter should lecipiocally act 
upon matter. 

Physical astionomy 10 tho science which compaica 
and identifier the laws of motion ohseiyed on eaith, with 
tho motions that take place in tho heavens , and which 
traces, by mi iimntenupted chain of deduction ijom tlm 
gieat principle that governs the umvoise, tho 1 evolutions 
and rotations of the planets, and the oscillations 1 of tho 
fluids at their sm faces, and which estimates the changes 
the system has hitherto undeigono, or may hcieaftei 
expenenco, — changes which require millions of ycaiB 
for their accomplishment 

The accumulated efforts of ostronomois, fiom the 
earliest duwn of civilisation, have boon necossaiy to 
establish the mochamoal thcoiy of Astronomy, The 
couises of the planets have been observed for ages, with 
a degree of perseverance that is astonishing, If wo con- 
sider die imperfection and even the want of lustiumonts. 
The real motions of the eardi have been separated fiom 
the apparent motions of the planets , the laws of tho 
planetary revolutions have been discovered, and the 
discovery of these laws has led to tho knowledge of the 
giavitation 3 of matter. On the otliei hand, descend- 
ing from the principle of gravitation, every motion in 
the solar system has been so completely explained, that 
tile laws df t any astronomical phenomena that may 
hereafter occur, are already determined, 

» NoU4 
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It has been proved by Newton, that a pniliclc of 
matloi h placed without tlio suifacc of a liollow sphcio J , 
is a tti acted by it in the samo mannci as it the maBa of 
tiro hollow sphcic, 01 Iho whole matter it contains, 
woio collected into one dense pm tide in its conlio. 
The flamo is thcrofoio truo of a solid sphere, which 
may bo supposed to consist, of an in fl into numboi of 
concontiio hollow spheiea 4 This, howover, Is not the 
caso with a spheroid 1 ; but tlio celestial bodies aio so 
ncaily spherical, and at snob lcmoto distances Irom 
ono another, that they attract and nio nttiaclod as if 
each were condensed into a single particle sltnato m Us 
contre of gravity 6 , — a circumstance which greatly fa- 
cilitates the investigation of their motions 

Newton 1 ms Bhown that tho foico which rotalns tho 
moon in hor orbit, is tho same with that, which causes 
heavy substances to Jail at the Biirfaco of the oailh. If 
tlio cnith woie a splioio, and fit lCBt, a body would bo 
equally attracted, that is, it would have the same weight 

' Nolo 8 * Nolo 1 » Nolo 8 
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at every point of its surface, because the 
sphere ia every wheio equally distant f> olU xlti ^ , * 

But as out planet ja flattened at tbo pole* 1 / nm ! 
at the eqmtorj the weight of the same body tf rF ^ ^ 
decrease fiom the polea, wheie it je gicnle^ ^ 
equator, where it is least, There ib, howovoi* ft ^ ^ 

latitude 3 where the attraction of the earth on hoi 
its suifacoj ia the same as if it were a splio* 0 -» 
pmence shows that bodies there fall ^ ^ >T 

feet in a second, TJie mean distance 0 of 
.from tile earth is about sixty times the* irtuhvm ^ 
eaitli. When the number l6'0()97 ^ diminuflufti 11 1 
ratio 6 of 1 to 8000 j which is the square of tilts nnuin s 
distance ^ fromjtfie earths centie, estimated 1,1 torn/*- 
triol radix, it ib found to be exactly the apace iho uuwui 
would fall through, in the flm second of hor descent Xt > 
the earthy were she not prevented by the coil tri fug* 
fmee 7 arming from the velocity with winch slw 11 mv4 * 
in hei orbit The moon is thua letmncrt in hov oildL by 
a forco having the wine ougin, and regulaLcd hy \b* 
same hnv, WLth that which causes a Btono to full at ill* 
earth's surface. The earth may therefore lx* roKrtliUnl 
as the centra of a fbreo winch extends to the moon; 
and, a a experience shows that tho action find re- at Mott 
of natter are equal and contrary tho moon muul it* 
tract the earth with an equal and contrary force* 

Newton also ascertained that a body }nr ojaclod** In 
space J0 4 -mil move in a come section ll * if attracted b/ 
a force proceeding from a fixed point, with an in toil (U/ 
inversely ae the square of the distance 13 } but tlilit *11/ 
denation from that law will cause it to move In a cuffs 

1 Wot* 11 » Not* IS 9 Notq 13 * How I *. 
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of a diflbiont nature, Koplei found, by ilneot ob- 
servation, tlmt tlie planets dcbcuho ellipses !, or oval 
paths, iouikI the aun, Later observations show that 
comctp also move m come sections. It consequently 
follows, that the sun altiacts all the planota and comets 
liwoiboly ns the square of their distances fiom Ins 
con tie ; the sun, tlicieforc, is tlio centre of a foico 
extending indefinitely in space, and including all tho 
bodies of the system in its action. 

Kopler also deduced from observation, that tho 
equates of tho poilodio times 2 of tho planota, ol the 
times of thch lOYolutions lound tho sun, are propor- 
tional to tho cuheB of thch mean distances from his 
contic, a Ilcnco tho intensity of giavitation of all tho 
bodies towaulB tho Bun is the same at equal dis- 
tances. Consequently, giavltfttion is piopoUionnl to 
tho maBaoB 4 , foi, if tlio planets and comets wgio at 
equal distances from tlio sun, and left to tlio olfbcts of 
gravity, they would auivo at his smfnco at the samo 
The satellites also gravitato to their pnmancs 0 
according to tho same law that thoir primaries do to the 
sun. Thus, by tho law of action mid rc-action, each 
body is itself tho centre of an atti active force extending 
indoflnUcly in space, causing all tho mutual disturb- 
ancofl which rondor the celestial motions so complicated, 
and thoir investigation so difficult, 

Tlio gravitation of mattor dnoctod to a contrc, and 
attracting dlioctly as tlio mass and mvoraoly as tho 
square of tlio distance, does not belong to It when 
conBidoied in mnss only, pailiolo acta on particle accord- 
ing to tho &amo law when at sou Bible distances from caoh 
other, If tho aun acted on tho centre of tlio earth, 

1 Nolo 23 >Noto21 
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without attracting each of its parti cles, the tides would 
be very much greatei than they now are, and would 
also, in o tiler respects, be very diffbicnt. Tho gravita- 
tion of the earth to the sun results Horn tho giavitation 
of all ita particles, which, in then turn, ftttiact tho aun 
in the ratio of their lcapcotivo masses, Thero 1 b a 
reciprocal action, likewise, between tho eaith and every 
particle at its am face* Weie this not tho cobo, and 
were any portion of tho earth, however small, to attiact 
another poition, and not bo itself attracted, tho centre 
of gravity of the eaith would ho moved in spaco by this 
action, which is impossible, 

The forms of the planets result fiom tho lcoipiocal 
attraction of then component particles. A detached 
fluid mass, if at rest, would assume tho fonn of a spheio, 
from the reciprocal attraction of its particles, Hut if 
the mass revolve about an axis, it becomes flattened at 
the poles, and bulges at the equator in consequence of 
the centrifugal force ausing fiom tho velocity of 10- 
tation a , — for the centufugal foice diminishes tho 
gravity of the particles at the equator, and equilibnum 
can only e^iet where these two foicos aie balanced by 
an increase of gravity Therefore, as the attiactlvo 
force 10 the same on all pai holes at equal distances fiom 
the centre of a sphere, the equatorial pnittoleB would 
recede from the centre, till their increase ill numbor 
balance the centrifugal force by thenr ntti action, Con- 
sequently, the sphere would becomo an oblate, or flattened 
spheroid; and a fluid paitaally or entirely coveiing a 
sphd, as the ocean and atmosphere cover the earth, must 
auume that form in order to remain in equdibno. Tho 
surface of the sea n therefore spheroidal, and tho surfaoo 
of the earth only deviatea from that figure where it rises 
1 Vote 11 t Note 39 



SHOT X. HOTATION ANn TllANSLATION. 9 

aboYQ or sinks below the level of tho bcq, Hut the de- 
viation is so small that it is ummportaot when competed 
with the magnitude of the caith, for tho mighty chain 
of tho Andes, and the yot moro lofty Himalaya, bear 
about the same propoxtion to the emth that n gialn of aand 
does to a globe tluco foot in diameter. Such ib tho foim 
ot tho oaitli and planets. Tho completion* or flattening 
at thou poles is, Iiowcyci, so small, that oven Jupiter, 
whoso lotation is tho most inpid, and thoictoicj the moat 
elliptical of tho planets, may, fiom ]hb gicat distance, 
bo lcgimlcd as aphoiloftl. Although tho planets attract 
cncli otlioi as if they woio splioies, on account of their 
distances, yet tho satellites 3 aio near enough to bo 
sensibly affected in then motions by tho founa of their 
primaries Tho moon, foi example, is so near the 
caith, that tho lcciprocal attraction between each of her 
paiticlcs, and each of tho pai tides in tho piomincnt 
mass at tho tcricstml cqimtoi, occasions considoiablo 
disturbances in the motions of both [bodies ; fox tho 
notion ot the moon on tho mattci at tho earth's equator, 
produces a nutation 9 in the axis 4 of rotation, and the 
xc-action of that matter on tho moon, Is tho cause of ft 
coi responding nutation in the lunai orbit, 6 

If a upbore at rest in space, lecolvo an impulse pass- 
ing through its centio of giavity, all its pails will movo 
with an equal velocity m a straight lino , but if tho 
impulso does not pass through tho contie of gravity, its 
particles, having unequal velocities, will liavo a rotatoiy 
or i evolving motion, at the same timo that it is translated 0 
in spaco. Those motionB aio independent of one another] 
so that a contrary impulse, passing tlnough its centre 
of giavity, will impede its progress, without intoifoilng 
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with ita rotation. As the son lotetce flhoi 1 t \iTori(»tt 
Geeme probable, if an impulse m n 

has not been given to I110 centre oi ^Mth 

movea in space, accompanied by all thogO 1,0 c 
compose the solar system, — a circmmstnncu ^ u ^ 

in no way interfere with their relative mol* * J’ | * 
consequence of the punciplc, that foicc ^ X n0 V ^ 
to velooity \ tlia reo pi o cal attractions oi? nyHlum 
mam tlie same, whether its centre of gravity jo ^ n <4 
or moving unifoimly m Bpace. It is co»i»l ,Mlw * ** 4 
had the earth received its motion fioin ft n, M 111 * r * 

that impulse muat lutve possed through l 1 *^ 1 ** n ul 
twenty-five miles from Its centre, 

Smce the mobons of rotation end tinUBintlon v > i* 
planets cue independent of each other, though livoWl y 
communicated by the aamo impute), thoy i*> J JI1 WP*^*** 
mzbjeota of jnvea&gatiw. 
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motions 01 Till mAvrNi y iionira — iuojitkw or tin nun i 

uomrfl. BTAimiTY OF SOI AR- SYSTFJI D> TENDS UlON Pill. 

rRIMiriYE H03UNTUM 01 TI1F DODH fl. 


A rLANET moves m its elliptical orbit with a velocity 
varying evoiy instant, m consequent ot two foiccs, ono 
tending to the contic of tho sun, and the otlioi in tho dii 
loction of a tangont 1 to its orbit, arising from the pii- 
lmtivo impulse, given at the time whon it was lanchctl 
into spneo. Should tlio foroo m the tangont cease, tho 
planet would fall to tlio sun by its giavity. Wore tho 
sun not to attract it, tho planet would fly o/F in tho 
tangent. Tims, when tho planot Is at tho point whero 
tlio oibit is faithcst fiom tho sun, hie action oYGioomcs 
tlio planet's velocity, and bungs It towaids lum with 
such an accelerated motion or increased speed, that at 
last, it ovorcomoB tho sun's attraction, and, shooting 
past lum, gradually doorcases m velocity, until it 
aniYGB at tho most distant point, whore tho sun's attract 
lion again prevails . 2 In this motion tho radii weien 
or imaginary lines joining tho contrcs of the sun and 
tlio planets, pass over equal aicos m equal timeB . 4 

Tho mean distance of a planot irom tho Bun Is 
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equal*to half the mfljoi a xie J of its oibit* lf> theu*f<iN% 
tfie planet described a circle * r ouiul tlio Bun at il* 
^Qean diBlance, the motion would be unifor anil tlir< 
Periodic time unaltered, beeaii'Jo tbo planot i%onM 
atnve at the extremities of tho major axia at tho «*«■*« 
instant, and would havo tho same velocity, wlu'tln r it 
m ° Ve d in tho circular 01 elliptical oilnt, since tile uinn» 
coincide in these points But, m every otlici i»iiU iW 
elliptical, 01 true motion ^ would either be faBtoi or HloHir 
than the cncular or mean motion , 1 As it is liecuHHar) Im 
have some fixed pomtin fchehcavens from wlionct> to <. Mi- 
MQatQ these motions, the vernal equinox 5 at n Khi n 
epoch has been chosen. The equinoctial, winch i* *■ 
great cncle traced m the stajry hoavons by tho liiuipiii- 
extension of the plane of tbo tmicstunl ccjunior, i* 
intersected by tlie ecliptic, oi apparent path of llli‘ Min, 

^ two points diametrically opposite to ono nnotlnr, 
calfed the vernal and autumnal equinoxes Tlio u r- 
naI equinox ig the point through which tho fcim punn*. 
^ going horn Che southern to the nor thorn lie ml Mphon?; 
atl the autumnal, that m which ho cionse* from tin* 
no iern to die southern. The mean oi chciilnr i nothin 
or a body, estimated lYora tho venml equinox^ U umii,*n 
ngrtu e, and its elliptical, or true motion^ icckonrrl 
rom tbat Point, is its hue longitude 0 • bdth being cMU 
mateil from west to east, the directum in winch tho Im. 

qb move Tho difference between tbo two ia called Uw 
equa&on of the centre/ - wluoh consequently vanl.hwt 

S . tltZ i and 10 at lte maximum mnor > r 

cUsUnt ftom the* points, or in quadratures to, whom 
X * me ^theecc e ntncityn of thaorbit; no that tho 
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place of a planet in its elliptical mbit ib obtained, by 
adding oi subti acting tlio equation of the con tie to 01 
fioin ita mean longitude. 

The oibitB of tlio planets have n very small inclination 1 
to the piano of tlio ecliptic in which tlio cri til moves , 
and on that account, astionomorB infer then motions to 
this piano at a givon epoch as a known and flxod posi- 
tion, The angulai distance of a planet fioin the piano of 
tlie ecliptic ib its latitudo 9 , which is south 01 noitli, ac- 
coidmg as the planet is south or noitli of that plane 
Anion tlio planet is m the piano ot tho ecliptic, its 
latitude is ?ero * it ib then Raid, to bo m its nodes . 1 Tlio 
ascending node is that point m tho ecliptic, tlnough 
which the planet passes, in going lrom the southern to 
tlio noitliein hemisphere. The descending node is ft 
cm responding point in tho piano of tho ecllptio ihamot- 
ucally opposite to the other, tlnough which tho planet 
descends m going fiom the nouhom to tlio southern 
homisplioic The longitude and latitude of a planet * 
cannot bo obtained by dneot observation, but aie de- 
duced fiom obsei vatioiiB mndo fiom tlio suiihco of tlio 
caitli, by a very Blmplo computation, These two quan- 
tities however, will not giyo the placo of a planet in 
space Ita distance fiom tho sun 4 must also bo known, 
and, for tlio* complete dotormin&tion of its olllplical 
motion, the nature and position of its oibitmusfcbc ascer- 
tained by observation, Tills depends upon seven quanti- 
ties, called tho elements of the orbit 0 TJiesa arc, tho 
length of tho major axis, and the eccentricity, which do- 
tormino the foim of tho mbit' tho longitudo of tlio pla- 
net when at its least distance fiom the sun, called tho 
longitude of tho perihelion , tho inclination of tho or* 

1 NatoM a Nolo 53 ®Noto5l 
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bit to tile piano of the ecliptic, and the longitnclo of 1 1 a 
ascending node , — these give the position of the oibit 
Bpace, but the peuodlc time, and the longiludo of tlio pla— 
net at a given instant, called the longitudo of the opodi_> 
aie ncccssaiy for finding the place of the body jn its ov-~ 
bit at all times, A poifcct knowledge of theso se\cn fo- 
ments is lequmtc, for ascei taming all tlio cnciunstanccB 
of undisturbed elliptical motion. Jly such means it i» 
found, that tlio paths of the planets, whon then muuml 
disturbances aie omitted, aio ellipses, ncftily appioacji-* 
mg to circles, whoso pianos, slightly inclined to tlio 
ecliptic, cut it in sti night linos, passing tlnough iho 
ccntio of tliesun. 1 The orbits of tho lccontly discos 
vered planets deviato more fioin tho ecliptic tlmn tliono 
of the ancient planets that of Pallas, for instance, 
has an inclination of 35° to it, on which account it In 
more difficult to determine then motions. 

Were tho planets at h acted by the sun only, they 
would always move in ellipses, invaiiablo in fonn nml 
position; and because his Action is propoi lional to lil« 
moss, which is much Imgoi than that of all tlio planotH 
put together, the elliptical is the ncai cat nppioxnnntion 
to their truo motions. Tho tiuo motions of tho plancUl 
are extremely complicated, in consequonca of their 
mutual attraction ; so that they do not move in any known 
or symmetrical curve, but m paths now nppioachmpf 
to, now receding from, tho olliptical form; mid (heir 
radii vcctorca do not describe areas exactly piopor- 
tional to the tlmo, so that tlio areas bocomo a test of* 
disturbing forces. 

To dotormiue tho motion of cadi body, whon dis- 
turbed by all the rest, is beyond the powor of an al y*lu» 

It is tlioroforo necessary to eallmato the disturbing 
i Note 57 
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action of ono planet nt a timo, whence the celelnatcd pro- 
blem of the throe bodice, onginally applied to the moon, 
tlio earth, and tlio aun , namely, the masses being 
givon of tlneo bodies piojcctod fiom three given points, 
with velocitiea given both in quantity and diicctioit ; 
and, supposing tlio bodies to gravitate to one another 
with forces that are cluoctly as thoir maBsos, and 111- 
voifioly as tlio equates of the chstancea, to find the 
lines dcsonbcd by these bodies, and their positions at 
any given instant. 

liy tins pi obi cm the motions of translation of tlio 
celestial bodies ftio dotcimmed It is an cxtiondy 
difficult one, and would bo infinitely moro bo, if tile 
disturbing action wcio not very small whon compared 
with the ccnUal force; that is, if tlio action of tho 
planets on one another were not vciy small when com- 
paied with that of the sun, As the disturbing influence 
of oach body may bo found Bopnuitoly, it ib assumed 
that tlio action of tlio wliolo system, m distuibing any 
ono planet, is equal to the sum of all tlio particular dis- 
turbances it experiences, on tlio general mochanicnl 
principle, that tlio sum of any number of small oscil- 
lations is nearly equal to their simultaneous and joint 
effoefc. 

On account of tbc reciprocal action of mattor, tlio 
stability of tlio Bystem doponds upon the intensity of 
tlio primitive momentum l of tlio planets, and tlio inllo 
of then masses to that of tho sun , for tho nature of 
die conic sections in which tho celestial bodies move, 
depends upon tlio velocity with which they woro first 
propelled m space. Had that velocity boon such ns U) 
make tho planets move in orblte of rnistablo equilibrium 3 , 
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their mutual attractions might liavo changed them into 
l>araholaa, 01 even hyperbolas 1 , bo tlmt tho cm th nml 
X^aneta might, ages ago, have been sweeping fm fioin 
our aun through the aby^s of space. but ns tho oi In tn 
cliffkr yery little from oncloB, the momontum of the 
planets, when projected, must lmve been oxnotly fulfil- 
cient to ensure die permanency nml stability of iho 
system. Besides, die mass of tho nun is vastly gi enter 
thun that of any planet, and ns then hicqunhlioH ln-ar 
tlie same ratio to then elliptical motions, that their 
^aaaes do to that of tho sun, then mutual disturbance* 
only increase or diminish dio excontilcilies of then oibiU, 
l>y very minute quantities , consequently, tho mngimiiilt" 
of the sun's masB is the principal causo of tho nubility of 
system Theie is not in tho physical world a inuit k 
splendid example of tho adaptation of moans to tho nc- 
comphalunent of an end, than ]B oxlulntcd ill llu- 
nice adjustment of those foices, at once tho cause of tho 
variety and of the eider of Natuio* 
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SECTION III. 

TFRTURDAriONa tfriomcj anh svcurAn — nmusniNa action 

2QU1VAI1HT TO TURF* TAKTIAT IORCFS — lANOPNTIAl, PORCV 
TUf CAUS> 01 THK PLRIOMO INI QUA I I'll FA IK LONOIfUDP, ANl> 
STCULAR INiaUAIITIlfl IN TJIF 1 OHM AND I-OimON OV i’ll* 
OR11IT IN FIS OWN 1NAKI — RADI VI. FORCI TUI OAUIIK OK 

YVRIATION8 IN TII> JIANll's DIUANCF FROM III* SUN IT 

COMBINES W1P1I 1IU 1AN01KUAL I OllOF jO l’RODUl F Till 
BKCUIAR VAKIAiXONS IN 1111 lOHM AND TOfllilGN OF TIlF 
OR BIT IK ITS OVIX l‘f A HR, — l k FRPFKT)irUL AH lOROi, THK 
OAU1F OF IFRIOD1Q rFKTlJJMATlQNS IN TrAHTUDFj AHD 6FrU- 
I AH VARIATIONS IN QUP VOLITION Ol TIIK OJUllT WITH llP- 
OVRH TO THE 1*1 ANK Of TUB 1 OLU TIC, — - Mf AN MOTION AND 
MAJOR A*I1 INVARIABLY ■— STAflir 1TY 01 BYSIKM. — . BFPlt II 
OF A RFfllSriNa MFDIUM. — INVAUIAHIK HANK 01 UlF flOlAR 
SYSTEM AND OF Tliv UNlVRHflr — ailFAr I N EQUAL II Y l>| 
JUF11FR AND SATURN 

Tun planets aio subject to d is turban ecu of two hinds, 
both loBulting fiom tlio constant oporation of tboir rt^ 
cipiocal nttiaction; ono kind, depending upon their 
positions with xcgaid to each othoi, begins from zero, 
mci eases to a maximum, doorcases and becomes zero 
again, whon tho planets return to tho Mine lolativp 
positions. In consequence of these, tho di&tuibod planet 
is sometimes drawn away from tho sun, sometimes 
brought noaror to him. At ono Umo it is drawn above 
tho plane of its orbit; at another time below it, accord- 
ing to the position of tho distmbing body. All such 
changes, being accomplished In short periods, some in a 
fow months, others m yaars, or in hundreds of years, 
aro denominated periodic inequalities, 

Tho inequalities of the othei bind, though occasioned 
likowiso by the disturbing cnoigy of tiro pianola, arc 
onlholy independent of their relative positions, They 
c 
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depend upon the ldative positions of ill** 01 * ** * 
whose forms and places m space, mo nil 011 ' 1 
minute quantities in lmnopiiBO peijode of ti llK * um flr * J 
theiefore, called secular inequalities. 

The periodical peituihatioiiB aio con1p c^nn^li,, ’ " 
the bodies return to tho bamo ldatiYir poHiMoiiK uit i 
regard to ono anotlier and the sun * ^ u * gLCI1 * r 

inequalities aie compensated, when the orlulw it turn Id 
the samo positions lelativcly to ono anuiH t!A > Hl1 ^ ltJ 1 
plane of the ecliptic 

Planetary motion, including both tliouti ^ ,n ^ H ( ”*" 

turbance, may bo lepreaontcd by a body ruVidung In an 
ellipse, and making small and transient tic vlnlnmUp now 
on one side of its path, and now on llio wlidit dir 

ellipse itself is slowly, but perpetually dlrti | H ll, K io 
form and position. 

The ponothc inequalities arc merely ti mimciil ilvtl* 
ationa of the planet from its path, tho inont i cinpTkaWp 
of which only lasts about £)18 ycais, liiili Hi ccmmj« 
quenco of tho secular distuibances, llio npaldct, or 
extremities of tho major axes of all tho orblw, hnvr ft 
direct but variable motion in space, excepting lltuff of 
the orbit of Venus, which aio retiogradu 1 j mill ll*d Hnc« 
of the nodes moyo with a vauablo velocity hi n rpiWnry 
direction. Besides those, tho inclination imd oxct’lilrl- 
oity of every orbit are in a state of pcrpoltial hut ilow 
change These effectB result from tho disturbing ftclfon 
of all the planets on each But ns it is only Jmceutry 
to estimate the disturbing influence of ono Tbcnly ol ft linn?, 
what follows may convoy some idea of lliu limn her in 
which one planet disturbs tho elliptical motion of another. 

Suppose two planets moving in ollipacH i o uiid tho mu \ 
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if one of them attiactcd the oilier and the sun with equal 
intensity, and in pmnllel dnoctions 1 , it would havo no 
oftbet m diatmbmg the elliptical motion at all Tile 
inequality of this atti action is the solo cause of poilmb- 
ation, and the difference between the distuibing planet's 
action on the sun and on the distmbed piano t constitute 
the distuibing foicc, which consequently \aiics in in- 
tensity and diicction with ovoiy chan go in the iota im- 
positions of tho th ice bodice. Although both the Him 
and planet mo under tho influence of tho die tin lung 
foicc, the motion of tho distuihed planet is lcfeired to 
the centio of tho eun as a fixed point, for convenience. 
The wholo force 2 winch distuihs a planet,, is equivalent 
to tlnce pai tial foicos One of these note on tho dislmbcd 
planet, m tho dncction of a tangent to its mbit, and Ih 
called the tnngontml foico it occasions acculai liiequa- 
litiefl in tho form and position of tho orbit m its own 
plane, and is the solo cause of tho periodical per Liu b*. 
ntions m tho planet's loiigitmlo Another acts upon 
tho same body in tho direction of its radius vector, that 
is, m the lino joining tho centres of the sun and planet, 
and is called the radial force, it piodutes poiiodlcal 
changes in the distance of tho planet from the sun, 
and affccla tho form ami position of the oibit in its 
own piano. Tho third, which may bo called the pei- 
pondicular force, aotB at light angles to tho plane of the 
orbit, occasions the poiiodio inequalities in tho piano I'm 
latitude, and afflicts tho position of tho oibit with re- 
gaul to tho plane of tlio ecliptic, 

It has been obsoivod, that tho ladius vcctoi of a 
planet, moving m a poifcctly olliptical oibit, pasties ovci 
equal arena in oqual limes; a uicitm stance winch Ih 
independent of tho law of (he foico, and would be the 
i Nolo GJ * Nolo W 
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peifeotly elliptical motion vanes inversely na tlio square 
of the distance, and that a forco following any other 
law, would cause the body to move in a cmvo of 
a very diffbront kind Now, tho ladial disturbing 
forco vanes directly as tlic distance, ami, as it nomc- 
tames combines with, and increases tlio intensity of 
the sun's atti action on the distuibcd boily, and at 
otlioi tunes oppoBes and consequently diminishes it, III 
both cabca it causes tlio sun's attraction to deviate from 
the exact law oF giavity, and the whole action of tills 
compound central forco on the diBtmbcd body, ib either 
groator or less than what is requisite for perfectly ellip- 
tical motion. When gi eater, tlio cuivatmo of the 
distui bed planet’s path on leaving its peuliulion ^ 01 
point nearest tho sun, is greatot than it would Ikj in the 
ollipso, which brings tho planet to its aphelion ■*, or 
point farthest fiom the sun, before it line passed through 
180°, as it would do if umliBtmbcd. Bo that in this 
case, tho apsides, or extiomitics of tlio major axis, 
advanco in space. When tho central forco in leas than 
tho law of giavity requires, tho curvature of the planets 
path, iB less than tho curvatures of tho olhpBc 60 that 
tho planet on leaving Us perihoHon, would pass tlnough 
moro tlian 180° before arriving at ita aphelion, whioh 
causes the apsides toiccodoin spaced Cosob both of 
advanco and recess occur during a revolution of tho two 
planots; but thoBO in which tlio apeidos advance, pro|>on- 
doratc, This, however, Is not the full amount of the 
motion of tho apsides, part an bo b also, from tlio tan- 
gential forco 4 , winch alternately accolornloa and lotaida 
tho velocity of tlio disturbod planet. An increase in tho 
planet’s tangential velocity diminishes tho curvature of 
Its orbit, and is equivalent to a doorcase of central force, 
l Nolota * Nolo 61 * NoioCU. I Nob OS 
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On the con truly, a decrease of the tangenttal velocity, 
wliioh increases the curvature of the orbit, is cqm valent 
to an moieaBe of conti al force These fluctuations, 
owing to tlie tangontial forcOj occasion an alternate 
recess and advance of the apsides, aftoi tho mannei 
alroady explained 1 An uncompensated poition of tlio 
direct motion ansing fiom tins cause, complies with 
that already impi eased by tlio jadial force, and in 
some cases, oven neai ly doubles tlio direct motion of 
these points. The motion of the apsides may ho re- 
presented, by supposing a planet to move m an oil ipse, 
while the ellipse itself is slowly rovolving about tlio BUn 
in the same piano. 3 This motion of tlio mqjor axis, 
which is direct in all the orbits except that oi tho planet 
Venus, is irrcgiilni, and so slow, that it requires more 
than 114,755 years, foi tho major axis of tho earth's 
oi bit, to accomplish a sidoroal revolution 9 , that is, to 
return to the same otais, and 21,067 years to completo 
its tropical involution*, or to leturn to the Bamo equinox. 
The difference between thc&o two periods ailses fiom ft 
retrogiado motion in the equinoctial point, winch 
meets the advancing axis, bcfoie it haB completed its 
revolution with regard to tlio sbus. The major axis of 
Jupiter’s orbit requires no less than 200,610 years to 
perform ita sidoieal involution, and 22,74-8 years to 
accomplish its tropical revolution from the disturbing 
action of Saturn alono. 

A vanaUon in the oxcontncity of tho disturbed 
planet’s orbit, is an immediate consequence of tho devi- 
ations from olliptical curvature, caused by tho notion of 
the disturbing force. When tho path of the body, in 
proceeding from its perihelion to its aphelion, is 
more odrved than it ought to be from the effect of tho 
l Hoto 68 *NotoflO, » NNa 07 H Note G8, 
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distuibing foices, it falls within Clio elliptical orbit, 
the oxcciitncity is diminished, and tlio orbit becomes 
moic ncaily cnculai , when that emvaturo is less than 
it ought to be, the path of the planet falls without 
its elliptical oibit l , and the oxcentiicity is increased, 
dun n g those changes, tho length of tho lniyor rmh 
is not altcied, tlio orbit only bulges out, oi become* 
moio flat 2 Thus the vaimtion in the oxcentricity ai imch 
fjom tho eaine cause that occasions tho motion of [lie 
apsides * Tlicio is an inscpninblo connection between 
these two clemontB tlioy vaiy simultaneously, and have 
tlic same peuod ; so that whilst tho mnjoi bxib i evolves m 
an immense ponod of time, the oxcontucity lncicnsca and 
decreases by very small quantities, and atlengtli iqUuiik 
to its onginnl magnitude at each levolution of tlio 
upsides. The tcncstrial oxcentricity is doci casing at 
tho into of about 41 miles annually; and, if it woio to 
docroaso equably, it would bo 37,527 ycnis bcfoio the 
eaith's orbit bocamo a on do Tho mutual action of 
Jupitci and Saturn occasions variations in tho ox con- 
tncitics of botli mbits, tho gieatoat oxcentncity of Ju* 
pitoi's mbit coiicspouduig to the least of Saturn's. Tim 
peuod in which these vicissitudes aio accomplished i* 
70,414 ycai a, estimating the action of these two plunuU 
alone ; but if the action of all tlio planets woio estimated, 
tlic cyclo would extend to milhonB of years. 

That pait of the disturbing fmeo is now to lx? con* 
flidered, which acts peipendioulaily to tho plane of tlio 
oibit, causing periodic pcituibntions in latitude, secular 
vauatious in tlio inchiiation of the oibit, and a retro- 
grado motion to its nodes on the iruo plane of tho 
ecliptic. 4 This force tends to pull tlio dislmbufl body 
above, or push 6 it bolow tho plane of its oibit, accoid- 
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mg to the relative positions of tho two planets ivilh 
regard to tlie sun, considered to be fixed Wy 
action, it sometimes makes the piano of tho orbit of llio 
disturbed body tend to coincide with the piano of tlio 
ecliptic, and sometimes increases ita mcliiiaUon t° that 
piano. In consequence of which, it* nodna alternately 
recede or advance on the ecliptic.* When tho cl la- 
turbing planet is in the line of the disturbed fdanota 
nodes 3 , it neither afFeotfl tli esc points, the 1ft til lido, nor 
the inclination, because both planets aro thon ^ d*° 
same plane. When it is at uglit angles to tho htiu 
of tlie nodes, and the orbit symmetrical on ench Jdc 
of the diatuibing foice, tho avemge motion of *hosu 
points, after a evolution of tho disturbed boilyi 
retrograde, and comparatively rapid; hut when the 
disturbing planet is so situated that the orbit ol tlio 
disturbed planet is not symmetrical on each si do of the 
disturbing force, which is moat frequently tho enw, 
overy possible vanoty of action takes place Conan** 
quently, tho nodes are perpetually advancing or res- 
eeding with unequal velocity, but, as a compensation 
is not effected, then* motion is, 0 n die whole, lotto* 
grade, 

With regard to the variations in tho mcHiintJonj ll 
is clear, that, when the orbit is synunotilcal ou cucli 
aide of the disturbing force, all its variations nro com- 
pensated after a revolution of the disturbed body* Mill 
aro merely periodical perturbations on the planet** lati- 
tude, and no secular change is Induced in tho inclln- 
ation of the orbit. When, on the contrary, that orbit Jl 
nbt symmetrical on each side of the disturbing for Co, 
although many of the variations in latitude oro transient 
or periodical, still, after a complete revolution of tho 
* Not *tt ^Kotem 
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disturbed body, a portion remains uncompensated, which 
formB a secular clinnge in tbc inclination of the oibit to 
tho piano of the ecliptic. It is tiuGj pait of thiB BCculnr 
change m the inclination is compensated by the reYolu- 
lion of the disturbing body, whoie motion lias not 
hitherto been taken into tho account, bo that perturb- 
ation compensates perturbation, but still, a compa* 
ratively poimanont change is effected in the inclination, 
which is not compensated till the nodes have accom- 
plished a complete 1 evolution. 

The changes in tho inclination aro extremely minute 1 , 
compared with the motion of the nodes, and there is the 
same kind of inseparable connection between thou Bocular 
changes that thoreis botweon the variations of the o\cou- 
tricities and tho motions of tho major axis, Tho node* 
and luclinationB vary simultaneously, their ponodB aro 
the same, and vory great, Tho nodes of Jupiter's otbll, 
from tho action of Saturn alone, requno 30,2bl years to 
accomplish even a tropical i evolution. In what precede*, 
tlie influence of only one disturbing body has been con- 
sideiod, but when tho action and reaction of the 
whole system is taken into account, every planet Is 
acted upon, and docs itself act, in this manner, on nil 
tho others ; and tho joint effect keops the inclination* 
and cxccntricltiefl in a Btato of perpetual variation, It 
makes the major axes of all tho orbits continually re- 
volve, and causes, on an average, a Tetrogrado motion 
of the nodcB of each orbit upon every otlior, Tlio 
ecliptic 2 itself is in motion from tho mutual action of 
tlie earth and planets, so that the whole is a compound 
phenomenon of groat complexity, extending through 
unknown ages. At tho present time, the inclination* of 
all tho orbiu aro decreasing, but so slowly, that tho 
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inclination of Jupiter’s oibit ifc only about bIa iruiuHe 
le^ia than it was m the age of Ptolemy* 

Butj m the midst of all these vioissUutI° fl > 1 111 

axes and mean motions of the plane tB re mom pen inanciit y 
independent of seculai changes. They am *k> conncctu 
by Kepler’s la tv, of the squares of tho penono tinua 
being proportional to the cubes of tlio mean dialnticiH o 
the planets from the Bun, that one cannot vary lout 
affecting the othei And it ib proved, that any fili- 
ations which do take place arc transient,, aiul tlopuit 
only on the relative poaitione of tho bodies 

It is true that, accoichng to tlieoiy, tho irtdial dlfltuib* 
Ing force should permanently altar tho dimensions of till 
tho orbits, and the periodic limes of nil the planets, lu a 
certain degree For example, tho masaos of all the 
planets revolving within tho oibit of any ono. Bitch ar 
M ars, by adding to the interior irm^s, increase Utu 
attracting force of the sun, which, theicfoio, nvuat con- 
tract the dimensions of tlm orbit of that planet, and 
diminish ita periodic timcj whilst tho planets exterior to 
Mars's orbit must have tho conti nr y effect but tliu 
maaa of the whole of the planets and satellites Uikun 
together is bo fimnll, whon compaied with dint of tho 
snn, that these effects are quite insonBiblo, and could 
only have been discovered by thooiy. And, a> It la 
certain that the greater axes and moan motions aro not 
permanently changed by any other powor whatever, It 
may be concluded that they me invariable. 

With the exception of these two demon la, It appcor« 
that all the bodies aro in motion, and ovory oibit In n 
state of perpetual change* MimUo aa thc&o changes Aro, 
they might be supposed to accumulate in tho courw of 
ages, sufficiently to derange tho whole ordor of naturo, 
to alter the relative position* of tho pianola, to put an 
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out! to the vicissitudes of tlic Bessons, atul to bung about 
collisions winch would involve out whole system j now 
bo harmonious, m chaotic confusion* It is natural ui 
enquire, what proof exists that nature will be preserved 
from sueb a catastrophe? Nothing can be known from 
observation, Bincc the existence of tho human race Iim 
occupied comparatively but a point in duration, wlult* 
tlieso vicissitudes embrace myriads of ages. Tho pi oof 
is simple and conclusive. AH the variations of I hr 
solai system, seculai as well os periodic, are oxpiosnnl 
analytically by the biuob and cosines of ciiculai arcs I, 
which increase with the time, and, as a Bino 01 cornu? 
can never exceed the radius, hut must oscillate between 
zero and unity, howevei much the time may increase, It 
follows that, when tho vauations have accumulated u» 
a maximum, by slow changes, in howovor long a limn, 
they dccicasc, by tbe eamo Blow degrees, till thoy Rrrlvtf 
at then Bm afloat value, again to begin a now course; 
thus for evci oscillating about a mean Yftluo Tills, 
however, would not be tbe case if the planets moved 
in a resisting medium 2 , for then both the exccnirlclllc* 
and the major axes of tho mbits would vaiy with the 
time, so that tho stability of tho system would ho ulti- 
mately destroyed. Tbe oxiBtence of such a fluid is now 
proved, and, although it ib bo extiemely raui tint 
hitherto its effects on tho motions of the pianola have 
been altogether insensible, there can be no doubt, that* 
m tho immensity of time. It will modify tho foims of 
tho planetary mbits, and may at last evon caubo llm 
destruction of our system, which m it«elf contain* no 
principle of decay, unless a rotatory motion fiom wont 
to east has been given to this fluid by the bodies of ihc 
Bolar system, which have all been revolving about Uw 
l Noto 7 6 4 Nolo 761 
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bud. in that direction for unknown ages. Such a voitex 
would have no effect on bodies moving with it, but it 
would influence the motions of those not In tlio same 
direction. 

Three cn cum stances have generally boon supposed 
necessary to prove the stability of the system the 
small excenlncities of Lhe planetary orbits, their small 
inclinations, and the revolutions of all tlio bodies, as 
well planets as satellites. In the same dn action. TIicbo 
circumstances ceitainly afford the means of proving the 
variation a to be confined to very nairow limits indeed: 
they, howevci, though sufficient, aio not noeessary con- 
ditions. The peuodicity of the terms in wluoh the in- 
equalities are expressed is enough to assure ns that, 
tl lough wo do not know the extent of the limits, nor 
the period of that giand cycle which piobably embraces 
million a of years, yet they never will exceed what Is 
requisite for the stability and harmony of tho whole, 
foi the preservation ot winch every circumstance is so 
beautifully and wonderfully adapted. 

The plane of the ecliptic itself, though assumed to bo 
fixed at a given epoch foi the convenience of astrono* 
mical computation, is subject to a minute secular varia* 
tion of 47"'55, occasioned by the reciprocal action of 
the planets. But, as thin is also periodical, and cannot 
exceed 2° the terrestrial equator, wluoh is inclined 
to it at an angle of about 23° 27 f 39"*2G, will never 
coincide with the plane of the ecliptic * so there never 
can be perpetual spring 1 Tho lotation of the earth is 
uniform ; therefore day and night, summer and winter, 
will continue their vicissitudes while tlio system endures, 
or is undisturbed by foreign causes, 
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Yonder starry »phorc 
Of pUndi, and of flVd, In nil her whocti 
itciombloi nearost nittici Intricate, 

Eccentric, JntorvolnU, yet regular, 
llton moat, when most Irrogulnr Uioy iccm 

Tho stability of our By stem was established by I, a 
Giange, u a discovery,” says Professm Flayfair, ff ilml 
must lender the namo for ever memorable in scicnco, 
and reveied by those who delight in the contemplation 
of whatever is excellent and sublimo." After Nowlon 1 * 
discovery of tho mechanical laws ol the elliptical orblu 
of tho planets, La Grange's discovciy of thou periodical 
inequalities is, without doubt^ the noblest until in phy« 
Bicfll astronomy, and, in icapcct of the doctrine of fluid 
causes, it may be legarded as the gioatcst of nil. 

Notwithstanding the permanency of om system, the 
BQculoi vauationB in the planetary mbits would lm\e 
been extremely cmbanassing to aetronomers wlion It 
became necessary to compaio observations separated by 
long penods The difficulty was in part obviated, and 
the pnnciplo foi accomplishing it established, by Li 
Place, and has since been extended by M. Poinsot. It 
appears that there oxists an 1 n van ablo piano palling 
through die centre of gravity of tha By stem, about 
which the whole oecillatos within very nanow lhulli, 
and that this plane will always remain parallol toltiulf, 
whatever changes time may Induce in the mbitB of the 
planets, in the plane of tho ecliptic, or even in tho law 
of gravitation, provided only that our system remain* 
unconnected with any other. The position of tho pinna 
is determined by tins proporty, — that, if each pm tide In 
tho system be multiplied by the area descubedupon ibll 
plane in a given time, by tho projection of its rndlui 
vector about tho common contro of gravity of tho whole, 
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the sum of all these products will be a maximum, 1 La 
Place found that the plane in question is inclined to tlio 
ecliptic at an angle of nearly 1° 35'SI/', and that, In 
passing through the •run, and about midway bctwcon the 
orbits of Jupiter and Saturn, it may be legal dod as the 
equator of the boIbi system, dividing it into two parts, 
which balance one anothei in all then motions Tin a 

plane of gieatcst meifcia, by no moans peculiar to the 
solar system, but existing in every system of bodies 
submitted to then mutual atti actions only, always main- 
tains a fl\ed position, whence the oscillations of tho 
system nmy he estimated tlnougli unlimited timo Fu- 
ture astronomers will know, from its immutability or 
variation, whether the buu and his attendants aro con- 
ncqted or not with the other systems of the uniyeise, 
Should there he no link between them, it may bo in- 
ferred, from the rotation of the sun, that tho centre of 
gravity 3 of the system Bituate within his mass describes 
a straight line in thn invariable plane or gicat equator 
of the solai system, winch, unaflbetod by the changes of 
time, will maintain Its stability tluough endless ages. 
But, if \he fixed stars, comets, 01 any unknown and un- 
seen bodies, affect oui sun and planets, tho nodes of tlua 
plane will slowly recede on the plane of that immonse 
orbit which the sun may desciibe about some most dia- 
tant centre, in a period which it transcends the powers 
of man to deteimme Thore Is eveiy icason to bolievo 
that this ib tho case , for it is more than probablo that, 
romoto as the fixed fltors are, they in some dogreo 
influence our system, and that even the invariability of 
this plane is relative, only appearing fixed to creatures 
incapable of estimating its minute and Blow change* 
during the small extent of timo and space granted to the 
1 Not© 70 1 Note 80 
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human lace. “ The developemcnt of such changes/' 
hb M. Poinsot justly observes, (i ib similar to an enor 
moua curYO, of wluoh we see ho small an aic, that wo 
unagino it to be a straight line,” If wo iaise our views 
to the whole extent of the umveise, and oonsirtor the 
stare., togetlioi with the sun, to be wandoiing bodies, 
lovolving about the common centre of ciealion, wo may 
then iccogmse in die equatorial plane pacing tb lough 
tlio ccnlic of giavity of the umveise the only niatanu* 
of absolute and eternal icpoao. 

All the ponodic and Becular inequalities deduced 
from the law of gmvitation, me so pcifoctly con- 
filmed by observation, that analysis hns becomo one ol 
tho most certain mcanB of diBcoYcimg the planelaiy lire- 
gulautics, cither when they are too am all 01 too long in 
tlicir periods to bo detected by other methods Jupiter 
ami Saturn, however, exhibit inequalities which for a 
long time seemed diacoidant with that law All obsor>- 
a lions, fiom thoBe of tlio ChincBo and Aiabs down to the 
present day, prove that for ages the mean motions of 
Jupiter and Saturn have been afffected by a gi oat ine- 
quality of r very long period, forming an apparent ano- 
maly in the theory of tho planets, It was long known 
by observation that five times the mean motion of 
Saturn is nearly equal to twice that of Jupiter i a rela- 
tion which the Bagacity of La Place perceived to bo tho 
cause of a periodic irregulauty in tho mean motiou of 
each of these planets, which completes its period In 
noaily 918 years, tlio one being retarded while tho other 
19 accolcinlcdj but both tho magnitude and period of 
these quantities vary, in consequence of tho soculm 
Yft nations in tlio elements of the oibits SuppoHC tho two 
planets to bo on tho same sldo of the sun, and all tinea 
in tho same sti sight lino, they aro then said to bo In 
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conjunction, 1 Now, if they begin to move at the same 
time, one malung exactly five 1 evolutions in its orbit) 
■while the other only accomplishes two, it is clear that 
Saturn) the slow moving body, will only havo got 
through a part of its orbit dunng the time that Jupiter 
has made one whole revolution, and part of another) 
"before they be again in conjunction. It is found that 
during tins time their mutual action is such as to pro- 
duce a great many perturbations wlnoh compensate each 
other, but that there still remains a portion outstanding, 
owing to the length of time dunng which the forces 
act in the same manner, and if the conjunctions always 
happened in the same poiut of the mbit, tliiB uncom- 
penflated inequality in the moan motion, would go on in- 
creasing till the periodic times and fonns of the orbits 
were completely and permanently changed * a caso that 
would actually takeplaco if Jupiter accomplished exactly 
five revolutions in the time that Saturn performed two. 
These revolution b are, however, not exactly commen- 
surable , the points in which the conjunctions tnko 
place arc m advance each time aa much as 8° f 37 j bo 
that the conjunctions do not happen exactly in the same 
points of the orbits till after a period of 850 ycais; and, 
in consequence of this small advance, the planets arc 
brought into Buoh relative positions, that the inequality, 
which seemed to threaten the stability of tho system, is 
completely compensated, and tho bodies, having returned 
to the same i dative poiitiona with regard to one an- 
other and die Bun, begin a new course, Tho secular 
variation b m the elements of the orbit increase tho 
period of the inequality to 918 years 2 As any per- 
turbation which affbctB the mean motion affecta also 
the m^jor axis, the disturbing forces tend to diminish 
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the imu°i ftxis of Jupitci't oibit, And increase that 
of Saturn’s during one half of the period, and iho 
contiaiy during tlio othei half This inequality in 
Bti icily Periodical, since it depends upon the con- 
flgiuation i 0 f the t wo planets , and tlieory is con- 
finned l>y ohsoivnlion, ■which shows that, m llu« 
couise of t%vcnly centimes, Jupitoi’a mean motion linn 
been accelerated by about D° 23*, and Saturn’s minified 
by 0° Sevciol instances of poilurbntiQns ol thin 

hind occur in tho solni By stem One, in the mean unu 
tiona ot tli e JEnith and Venus only amounting to a few 
seconds, lias been locenlly worked out with mini erne 
Inborn hy I?iofessoi Any It accomplishes its changed 
m 240 years, and ansas fiom the on cum stance of 
tlnrtcon times the pci iodic time of Venus bemg nearly 
equal to eight times that of the hlartli, Small as it li, 
it is sensible m tho motions of the sum 

It might ho imagined that tho iccipiocnl notion of 
bucH planots as lmvo <in loll i tea would be diffoiontfioni tlia 
influemeo off those that lmvo none, But tho distances of 
tho satelhlcn from then pumaiieB aic mcompaiably lea 
than tho distances of tho planets from tho buh, andiiom 
ono another. So that tho system of a planet and iU 
satellites, moves noaily as if all these bodies woio umtad 
in tlioii common conti e of giavity. The notion ol Iho 
sun, hcrvvevorj in some degree disturbs tho motion of iho 
satellites about their pumaiy, 
i Noto 83 
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SECTION IV 

titfory or junira^ batfiiitps — FrFFora of tit t nouw 
or JoniFa ufok ma sATtHirrs — rosmoif of invm or- 
bits — sinauiAii iaws amoko tuf motions oi rnr turki. 

JIE81 8ATFLT 1T>I — TUJIPSEa OF TUF BATFTLITFS ~>VJTOCILY 

of Liaiir — AnrasAiioK — i rni reai ukdium — aatfii lira 
or BATORN AND UBANUfl 

Tub changes winch take place in the planctsiy system 
are exhibited on a smaller scale by Jupitoi and Ins satel- 
lites , and, as the period requisite foi the develop omen t 
of the inequalities of these moons only extends to a few 
centimes, it may be legal ded as nn epitome of that 
grand cycle which will not be accomplished by the pla- 
nets in myriads of ages The revolutions of tho satel- 
lites about Jupitci are precisely similar to those of 
the planets about tho sun ♦ it is tiue they are disturbed 
by the sun, but Ins distance is so great, that then mo- 
tions are nearly the same as if they were not undoi Iub 
influence, Tho satellites, like the planets, weio proba- 
bly projected in elliptical oihits but the completion of 
Jupiter’s spheroid is yeiy gieat, m consequence of his 
rapid rotation, his cquaUmal diameter oxcecding his 
polar diameter by no less than 6000 miles , and, as tho 
masses of the satellites mo neatly 100,000 times Ipsa 
than that of Jupitei, the immense quantity of prominent 
matter at his equator, must soon havo given the circular 
form observed in tho orbits of the first and second satel- 
lites, which its superior atti action will always maintain. 
Tho third and fourth satellites being farther removed 
fiom its influence, ioyoIvq in orbits with a Yery small 
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oxccntricity. Ami although the two fhst sensibly move 
in onclcs, tlion orbits acquire a email elhpticity fiom 
tlio disturbances they experience 1 

It lias been stated, that the attraction of a splieio on 
nn extoi 101 body, is the same, as if its mass were united 
in one particle in its contra ot giavity, and thoicfoiu m- 
voisely as tlie squaic of tlio distance, In a sphaoid, 
howevci, tbeio is an additional foico arising iiom the 
bulging mass at its equatoi, which, not following tlio 
uxact law of gravity, acts as a disturbing foice One 
effect of tins disturbing foico in the splieioid of Jupiter 
is, to occasion a dneot motion in the gioator hxgb of the 
orbits of all Mb satellites, which is more iapul the lioaiei 
tlio satellite is to the planet, and very much gicater than 
that pait of thou motion which aiises fiom tlio disturb- 
ing action of the sun The same causo occasions tlio orhltft 
of the satellites to remain noarly m the piano of Jupi- 
tci’s cquatoi* on account of which the satellites arc al- 
ways seen nearly in the same lino 8 , and the poworlul 
action of that quantity of prominent matter, is ihoiooson 
why the motions of the nodes of these small bodies is bo 
much more rapid than those of the planet, Tlio nodes 
of the fom th satellite accomplish a tropical levolution in 
631 yoais , whilo those of Jupiter's orbit require no loai 
than 35,261 years, — a jlroof of tlio reciprocal nttiao- 
tion between eaoh particle of Jupiter’s equatoi and of 
the satellites. In fact, if the satellites moved exactly 
m tlio plane of Jupiter's equator, they would not lie 
pulled out of that piano, because hie attraction would lx* 
aqual on both suIcb of it. But, as thoir orbits have r 
small inclination to tho piano of the planet's equator, 
there is a want of symmetry, and the action of tho pio- 
i Nolo 8* 8 Nolo B5 » Nolo 85 
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tuhorant matter tends to make tlio nodes 1 cgi c ^ 8 by pull- 
-lug- tlio satellites above 01 below tbo plania of tlxeir 
orbits J an action which is so gieat on tho nitcuoi «alcl- 
HtGB, that the motions of tlioir nodos aio ncnily llm Mime 
us if no othoi disturbing force existed* 

Tlio oibits of the satellites do not lolam n lininaiionl 
Inclination oithei to tlio plane of Jupiter's equator oi to 
that of his orbit, hut to certain planes \mam^ bolwoen 
tho two, and tlnough tlioir JnteiaeoUon* 'IhuRu have a 
gLCntoi inclination tolna equator thofailhci ihu Halellite 
is i amoved, owing to the iuiluonco of Jupiter a com- 
1 >iob9loii, and they lmvo a slow motion cow or ponding to 
bo culm vaufttioiis in the planes oi Jupiter « oibit and 
equatou 

Olio satellites nro not only subject to ponodic owl 
Boculnr inequalities horn then mulunl ntirnction, similar 
Lo tliobo which aftcot tho motions ami mbits of the pin* 
note, but also to othoi s peculiar to LhemflclYUB. Ol the 
periodic inequalities arising from thcli mutual ftlti action 
tlio most remarkable tako placo ill the angular motions 1 
ol the tin co nearest to Jupiter, the second ol which ic- 
cctVGB fiom the first ft pcituibntion similar to flint which 
it produce* m tho third, ami It ovpoilcneoa ftom lln* 
third a porturbatlon similar Lo that which it comiminl* 
cates to tho first. In the eclipses those two lncqunUlte* 
aro combined into one, whoso pcuod la 
Tlio variations peculiar to the satellites, ariRti horn iho 
Hooulni inequalities occasioned by tho action of tho 
planets in tho form and position of Jupltor’s orbit, nml 
from the displacement of his equator. It Is obsloua 
that whatever altera tho relative positions of the sun, 
JTupitor, ancl bis satellites, must occasion ft change m 
the cluoctlons and intensifies of tho forces, whLoh is ill 

i Koto 87. 
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affect tlio motlonB and orbits of the satellites* Foi tbit 
reason the seculai vanalions m the excentiicity of Ju- 
piter's oibit occasion secular inequalities m the lnonn 
motions of the satellites, and in the motions of the 
nodes and apsulcB of then orbits The displacement of 
the oibit of Jupiter, and Iho vaiiation in the position of 
bis equntoi, also affect tliOBe amall bodies 1 The plane 
of JupUci's equatoi is inclined to tlio plane of his oibit 
at an angle of 3 ° 5 ' 30 ", bo that the action of tlio sun 
and of the satellites thcmseheB pioduccs a nutation and 
precession 2 in 1iib cquatoi, piociscly similar to tlmt 
■wlucli takes place in the lotation of tho eaitli, from iho 
action of tho sun and moon Ilenco tho protuboinm 
matter at Jupitci's equator 10 continually changing 1L1 
position with legard to the satellites and produces cor 
responding mutations in then motions. And, ns the 
cause must ho propoitional to the offlct, these 111a- 
qualiticB afFoid the means, not only of ascertaining tho 
compiossion of Jupiter's spheioid, but they piovc tlml 
bis mass is not homogeneous, Although the appmont 
diameteis of tho Batollites aio too small to bo measuicd, 
yet theii peiturbationa give the values of their masses 
with considerable accuracy, — a sti iking proof of tlio 
powor of analysis, 

A aingulni law obtains among the mean motions ami 
mean longitudes of the three first satellites, It np* 
pears from observation that tlio mean motion ot Uie 
Hist BiUelhto, plus twice that of the third, ib equal lo 
tin co times that of the second, and that the mean lon- 
gitude of tlie first eatollito, minus three times that of tho 
second, plus twice that of the thud, is always equal lo 
two right angles, It is proved by theory, that if those 
relations had only been approximate when tho satellitoi 
I Not* 88 . a Nolo 83 , 
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were first launched into space, their mutual atu actions 
'would have established and maintained them, notwith- 
standing the locular inequality to winch they aic liable. 
They extend to the synodic motioiiB 1 of tho satellites, 
consequently they afftet their eclipses, and liavo a very 
great influence on their whole thcoiy. The satellite* 
move bo nearly in the plane of JupitcA equator, which 
has aveiy small in oh nation to his oibit, that the tluco 
first «io eclipsed at each lovolution by tho shadow of 
the planet, which is much linger than tho shadow of tho 
moon, tho fourth satellite* is not eclipsed 00 iiequontly 
as the others, Tho eclipses take place closo to tho disc 
of Jupiter when ho is near opposition 3 , but at times 
his shadow is bo projected with lcgaul to tho eaith, that 
the third and fourth satellites vanish and rc-appcai on 
tho same sido of the diac ^ These eclipses are m all re- 
spects similar to those of the moon, but, occasionally, 
the satellites eclipse Jupiter, sometimes passing like 
obfluuevpots acioflfllns Binface, and resembling annular 
eclipses of tho sun, and sometimes liko a lmght spot 
tra verging 0110 of his daik holts* lteforo opposition, 
tho Bhndow of the satellite, hko a round hlnck spot, pre- 
cede* its postage over tho disc of the planet, and after 
opposition, the shadow follows tlio satellite, 

In consequoncc of tho relations aheady mentioned In 
the moan motions and mean longitudes of tho throe first 
satellites, they novor can bo all eclipsed at tho samo 
time* For when the Hecond and third are m one dnoc- 
tion, the first is In the opposite direction j consequently, 
when tho first is eclipsed, tho olhor two must bo bo- 
tweon tho sun and Jupiter* Tho Instant of tho begin- 
ning or end of an eclipse of a satellite marks tho samo 
inBtant of absolute time lo all tho inhabitants of the 
1 Halo 90. j * Note 91 a Note W* 
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eaith; thorcfoio, tlic time of tlieao eclipses observed by 
a traveller, when compared with the time of the eclipse 
computed for Giecnwich, oi any other fixed mcndian ■> 
gives the diffidence of the mcndians in lime, and con- 
sequently tho longitude of the place of obsciYallotn 
The eclipses of Jupiter’s satellites have been tho means 
of a dificovciy which, though not so immediately appli- 
cable to the wants of man, unfolds one of tho piopcilicn 
of light, — that medium without whose cheering milli- 
on co all the beauties of the ci cation would liavo been to 
us a blank It is observed, that those eclipses ol ilio 
first satellite, which happen wlion Jupiter is noai con- 
junction 3 , are later by lG m 2G fl, G than those which 
take place when tho planet is in opposition But, ns 
Jupitoi is neaici to us when in opposition by tlio wholu 
braadth of the eaith's oiblt than when in conjunction, 
this circumstance was attributed to the timo employed 
by the lays of light m ciossmg the oaith's oibit, ft dli- 
tance of about 190 , 000,000 of miles , whence it is esti- 
mated that light travels at the ifttc of 190,000 miles ill 
one second. Such is its velocity, that the earth, moving 
at the late of nineteen miles in a second, would take two 
months to paBs tlnough a distance which a lay of light 
would dait ovor in eight minutes, The subsequent dis- 
covery of the aberration of light confirmed this astonish- 
ing lesult. 

Objects appear to be situate in the direction of tlio 
lays which piocced fiom them Were light propagated 
instantaneously, every object, whether at rest oi in mo- 
tion, would appear in the direction of these rays ; but 
as light takos somo time to travol, we see Jupilci hi 
conjunction, by means of lays that left him l6 nl 2G ( '(j 
boforc, but, during that time, wo have olmngod our 
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position, in consequence of the motion of the eaith in 
its orbit j consequently we refer Jupiter to a place in 
which lie is not His tine position is in the diagonal 1 
of the parallelogram, whose Bidoa aie in the iRtio of the 
velocity of light to the velocity of the earth m its oibtt, 
which is as 190,000 to 19 , oi 10,000 to 1 In conse- 
quence of the aberiation of light, the heavenly bodies 
seem to be in places in which they aic not 111 fact, 
if the eaith weic at rest, rays fiom a star would pass 
along the axis ot a telescope duected to it 1 but if tho 
earth weie to begin to move in its oibit, with its usual 
velocity, those rays would Btnhe against the side of tho 
tube, it would, theieforc, be necesaaiy to inch no the 
telescope a little, in order to see the stai. Tho angle 
contained between the axis of the telescope and a line 
thawn to the liuc place of the star, is its abeiration, 
which vanes in quantity and duection in different partB 
of the oaith's orbit, but as it is only 9 > 0 " 87 , or SO" 5, 
it is insensible in oidmary oases 2 

The velocity of light deduced fiom tho obsoived 
aberration of the fixed ataia, perfectly coiicspomls with 
that given by the eclipses of tho first satellite. Tho 
same result, obtained from souices so different, loaves 
pot a doubt of its truth. Many such beautiful coin- 
cidences, derived from circumstances appai on lly tho 
most unpromising and dissimilai, occm in physical 
astronomy, and prove connexions, which wo might 
otherwise be unable to trace. The identity of tho ve- 
locity of light, at the distance of Jupitor, and on tho 
earth's surface, shows that its velocity ifl uniform ; and 
if light consists in the vibrations of an olastio fluid or 
ether filling space, on hypothesis which accords best 
with observed phenomena, the uniformity of its voloclty 
» Note 06 « Nolo 00 , 
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shows iliafc tho denBity of the fluid tluonghont tho wholo 
extent ot tho solm system must bo piopoilional to its 
elasticity . 1 Among the fortunate conjectuies which 
liavo been con filmed by subsequent experience, that ol 
Bacon is not tho least lomarkablc e< It produces in 
me / 1 says tbo lcstoicr of true philosophy, ff a doubt 
whethci the fnco ot the scicno ancl Btairy heavens lx* 
seen at tlio instant it ically exists, 01 not till some lime 
latci , and whether them be not, with respect to the 
heavenly bodies, n. tiue tnno and an apparent lime, no 
less than a tiue place and an apparent place, as rbIui- 
nomcre say, on account of p&inllnx, For it seems uu 
credible that the epcoics or rays of tho celestial lwilica 
can pass tlnougU the immense interval between them 
and us in an instant, or that they do not oven icqmio 
some consulciablo poition of time.” 

Ab gicat diacovoucs gcncinlly load to a variety nl 
conclusions, tho nbouation of light affoide a dneot proof 
of tlio motion of tlio eaith in its oibit, and its lotallon 
is proved by tho theoiy of falling bodies, smeo tho ccn- 
tnfugal force it induces, lotuule tho oscillations of the 
pendulum 3 m going fiom tho polo to the equator. Thus 
a high degice of scicntiflo knowledge liae been loquiaite 
to dispel tho onors of the souses, 

Tho little that is known of tho theoilca of tho Balellllen 
of Saturn and Uranus is, in all leapoets, Binulfir to llml 
of Jupiter, Saturn is accompanied by seven satellites, tin* 
most distant of which 1 b about tho size of the planet Mm*. 
Its orbit lias a sensible inclination to tho plane of 
the nng, but the gieat compicssion of Sntmn oc- 
casions the othei satellites to movo nearly in llici 
plane of bis oquatoi So many circumstances mutt 
conaur to render tho two intonor satellites visiblo, that 
1 Note 97. * Nolo 08, 
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tlioy have very lardy hccn scon* They 1 ' ,ovt 

e^go of tlio ring, ami their oibila jjuvta - ' ov * u 
ita piano, In I78 9l Sir William Ucieehol saw to 
liko bonds* threading tlio alondoi line of lw xi ™ lu 1 . ^ 
ri>i{g i B i educed to, when aeon cdgewlao * J ° ni 1 u ' {M * 
And for a short time lie peicoivod them nAvftnwHK " 
afc each oiul> whon turning aoinid m th°* r ot >llHi ^ 
calipees of the extmior satellites only tnku V ' v '' 
the rang is in tins position. Of tho uttvin^ nn u u 
equal tot of UianuQ we know nothing, nor ef hf* cumpn « 
eicm j but tho oihits of Iub satellites niO X Knn'tl- 

dJculai to tho piano oi thocchpUo, ami by fti'dogy i |C 7 
ought to ho m tho piano of his equator- 
offfeir tho singular phenomenon of bom# rt*lrogtm\r, or 
fiartTi oust to west, while all tho pianola niul lliu olnvt 
eatolhtas jevolvo m the contrary direction* 
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TUNAR TlirOUY — TPRlODia Pi-RTUlUlAriONB 01 Tllr iroow — 
jQtjvriON or ciNrnr. — ipfciion — TARUriON. — anmjat, 

FQUAflON — DIH1CC AND INDIUFCT ACJION 01 FLAN1 Tfli — ■ 
MOON’fl ACTION ON 1.A Rrll DISTURBS 111 ft OWN MOilON. — 
J TOFNfUIOm AND lNCflNAIION 01 lUNARORBlT INVAHI- 
ABLr - — ACCKI nnAUON — BFCJULAR VARIATION IN NODPH 
AND rJRIOfrF — 'MOilON Or NODFB AND rritltlFL 1NBI1ARAI1LY 

conwictid \rini m* Atom ration ^nutation o \ iunak 
onnu . — lorii and nm&HAT tiructurf op earth Drrru- 

MINRn PROM 11 TUNAR, SOI AR, VND PI ANITAU.Y hCUFBMi 

OrOUI.PATlONS AND I UMAR DlfaTANCFB — ill AN 1>J%IAN0J 

01 IDF BON 1 ROM TUP 1 ARiJI OBTAIN! D I ROM IUNAR T11X- 
ORY AllfiOTOlF DISTANCFB OT 1IIF FIAN1T0, HOW kOUND. 

Oun constant companion, tlie moon, next claims our at- 
tention. Several cn cumstances conoui to i endor bor mo- 
tions the most mtci eating, and at the same time tho most 
difficult to investigate, of all the bodies of our system. 
In the solar system, planet trouble* planet; but m tho lu- 
nar theory, the aun is tho great disturbing cause , his vast 
distance being compensated by Ins enormous magnitude, 
so that the motions of tlm moon arc more irregular than 
thoso of tho planets , and, on account of thcgioat olllp- 
ticity of her orbit, and tho sizo of tho aun, tho approx i- 
mationa to her motions are tedious and difficult, beyond 
what those unaccustomed to such investigations could 
imagine. The aveiago distance of the moon from tho 
centre of the earth ia only 237,360 milei, so that lior 
motion among the stars is perceptible m a few horns 
She complotes a circuit of tho lieavons in 27 u 7 h 43 m 
11»'0, moving m mi orbit whose excentrioity is about 
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12,985 miles. The moon is nlxmt lorn 1“> ,,acc * 1 l, "'‘ 1 '’ 
neater to the earth than tho sun ^ * u< pniMii ^ 
of tl\a moon to tho eoith keeps them hVS 1 * u r * 
so gieat is the abaction of Iho aim, thul l{ 1 m<IM . 
iV'oro faithci fiom tho enilh, nhu "won u 
A ltogether ami would iovoIvo ns an imUprmhni V rt " N 
aljoiit the sun* 

'The distiubing action 1 of tho Aim * 

equivalent to thicc foicci. Tho flint, net^’K 111 1 * 

roetiou of the line joining tho moon owl im u 4k ' * 

or diminishes lici giayiLy to the efuth, ^ ,l *' 
acting m tho dncction ol a tangent to hui orldl. « N,nr ** 
hex * motion in longitude And the thud, in tiu« l lcr 
pondiculftily to tho piano of hoi oibil, thnlnih* hi r him* 
tiojim hUitndoj lllatiB, HbingB hci neiiit 1 !, or iumm\i»< 
her fmthoi fiom the piano of tho oclipUo thun *ln' " iM1 1 
otlioiwiso Ik?. Tho peiiodio pciluibatlona in l!u* ihihui 
arising fiom these fmccfl, mo poifectly nhrtiUr lu lUv 
i>Grlodiopcitmbations ol tho pianola Ihtl i\n*y xrv much 
tfrcatei atui moic mimoi o\\% because tlir hum Ik in* 1 » r H r ' 
that many inequalities that mo quite JiMuiuubh* Jn the 
mot tone of the piano tg^ am of great ningnhudM in tlm** 1 
of tho moon Among tho mmnnoiahlo periodic l»- 
equalities to which the inooii'a motion In limglniiUi U 
liable* tho most remnihablo me, tho JCipmUon nr flu* 
Ccmfcne, which in tho diiTbionco between t ! io iimhjiiV iwbii 
A nd true longitude, tho Evocuon, the Vmimlun^ 
tho Annual Equation. Tho diBtmbiii/f force which 
acts m tho line joining tho moon and oauh pnwlMw* 
tho Eviction: it dhmnWioa tho oxconlricliy of tltr liniir 
orbit in conjunction and opposition, thcLOhy making St 
moro circular, anil augments It iu quadrAtuto, which cen» 
I Note pft 
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scquently renders it moio elliptical. The period of tins 
inequality is lens than tlnrty-two days Wcio iho m, 
cionso and diminution always the same, the caelum 
would only depend upon the distance of the moon fiom 
the sun , hut its absolute value also vanes with hoi dis- 
tanco fiom the pen gee 1 of hci oihit, Ancient as tt 0110- 
mois, wlio obBoryed tho moon solely with a view to tlu* 
piodiction of eclipses, winch can only happen in conjuiu.*. 
tion and opposition, wheio tho excentiicity is diminished 
by the ovcotion, assigned too small a value to tho dhp- 
ticity of hm oibit. 3 Tho Variation piodueed hy 
tlie tangential distuihlng foico, which is at itB maximum 
when tlic moon is 45° distant fiom the sun, 'innishc* 
when that distance amounts to a quadrant, and also when 
the moon is 111 conjunction and opposition , consequently, 
that inequality never could have been discovoied liom 
the eclipses its period is half a lunar month. s Tho An- 
nual Equation depends upon the sun's distance fiom Lhu 
oai th it auscs from the moon’s motion boing acccloiatod 
when that of tho enitli is retaided, and vfaa vc)sd — lor, 
when tho earth is in its pciihelion, the lunar oibit in 
enlarged hy the action of the sun , therefore, tho moon 
icquires more time to peiform her 1 evolution. But, kn 
tho earth approaches its aphelion, the moon’s oibit con- 
tracts, and less time is necessary to accomplish her mo. 
tion, — itB period, conaaqucutly, depends upon tho turn* 
of tho yeai Jn the eclipses, the Annual Equation com- 
bines with tho equation of the centre of the lerresli ini 
orbit, so that ancicut aationomoiH imagined tho cailh 1 * 
orbit to liavo a gicatoi oxcentncity than modem asho- 
nomoia assign to it. 

Tlie 'planets disturb the motion ot the moon iHilU 
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clirectly and ludirectly , thoir action on tho earth niter® 
its relative position with regard to the sun and mootij 
and occasions inequalities m tho moon's motion, which 
are more considerable than those aiismg IVcmi thoir ill-~ 
action, for the same lesson the mooiij "by (h^imls-* 
iiig the earth, indiiectly disturbs hei own motion 3STcI- 
tlier tlie exccntncity of the lunai oibit, noi its muni* 
inclination to the plane of tho cchptio, have cxpci lcnct'il 
any changes from secular inequalities , for, although tlu* 
mean action of tho sun on tho moon,, deponds upon tlu* 

inclination of the lunar 01 bit to the ecliptic, nnd that lliu 

position of the ecliptic is subject ton eoculni mcqiinl I ty> 
yot analysis shows, that it does not occabioii a scculm va- 
riation in the inchnation of tho lunar oibit, bcciuiho c 1 1 cr 
action of the sun constantly brings tlio moori'n oibit Ln- 
tlio aanie inchnation to the ecliptic. Tho inonn motion, 
tlie nodes, and the perigee, Iiowoyci, ftic subject to very 
l emarkable variations 

From an eclipse observed by the Cbnldcann nt llnliy— 
lair, on tlie 19 th of March, bovch lmn died mid twn ty- 
one yeaiB before tho Chmtian era, tho place of tho moon 
is known from that of tlie eun at tho instant of oppc>Hl~ 
tlon l , whence her mean longitude may bo found. Hut 
tlie comparison of this mean longitude with another mu mi 
longitude, computed back for tho instant of tho col Ip net 
:from modem observations, shows that tho moon poiforniH 
lier revolution lound the earth more rapidly and In u 
shorter time now, than sho did formally , unit that llna 
acceleration in her mean motion hoe been lncictiBing 
from ago to age, as the square of the time. 12 All nncl cut 
and intermediate eclipses confirm tlila result. An tlio 
mean motions of the planets have no secular inequalities. 
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this seemed to be an unaccountable anomaly, It was at 
ono tune attributed to tbc resistance of an cthcrial me- 
dium pervading space,, and at another to the succcbbivo 
tiansmisaion of the giaYitatmg foicc But ns La Place 
proved that neithoi of these causos, even if they cxmt, 
havo any influence on the motions of tho lunai pongee 1 
or nodes, thoy could not aflhct tho mean motion , a va- 
riation m tlio mean motion from such causes, being in- 
separably connected with vanations in the motions of 
the peugee and nodes, That groat mathematician, in 
studying tho theoiy of Jupitoi's satellites, poiceived that 
the secular VRiiation m the clomonts of Jupitci's oilnl, 
fiom the action of tho planets, occasions concspoiuhng 
changes in tho motions of the satellites, which led linn to 
suspect that the accelciation in tho mean motion oi the 
moon might be connected with tho socnlai vaimtion in 
die oxcenliicity of tho teiiestual orbit, Analysis 1ms 
shown that lie assigned tho true cause of tho acceler- 
ation. 

It is pioved that the greater the oxccntucity of tho 
tcireshial orbit, tho gi eater is the disturbing action of the 
sun on tile moon. Now as tho excontncity has been de- 
creasing for ages, tho offbet of the sun in disturbing tho 
moon lias been diminishing timing that time. Conse- 
quently the attraction of die caith has had a more ami 
more powerful effhet on the moon, and has been con- 
tinually diminishing the size of the lunai orbit. So that 
tho moon's velocity lias been gradually augmenting for 
many contuneB to balance the increase of the earth's at- 
traction. This scoulai iiicicnso in tho moon's velocity, 
is called the Acceleration, a namo peculiarly appropilntn 
nt present, and which will continue to be bo foi n van 
number of agcB to come ; because, as long as tho earth 1 ! 

» Note 100 
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excoutiicity diminishes, the moon's mean motion will ho 
nccoloiated,but when the excentucity has passed its mu 
mmum, and begins to increase, the mean motion will 
be letauled horn age to ago, The seoulnr accclcia- 
tion ib now about 11 *■£09, but its ofFeot on tho moon's 
placo increases as theequaie of tho time. It is lemarlc- 
able that the action of the planets, thus lcflccted hy tho 
aun to the moon, is muclunoio sen Bible than then dnect 
action eithor on tho cartli 01 moon Tho scculai dimi- 
nution in tho excciituoity, wlucli lias not altcicd the 
equation of the cenlioof the min by eight minutes bIuco 
the earliest recorded eclipses, has produced a vnnnlion 
of about 1° 48' in the moon's longitude, and of 7° 12' 
in liei mean anomaly. 1 

The action of tho sun occasions a lapul but vaunblo 
motion in the nodcB and perigeo of the lunni oibih 
Though tho nodes recede duiing the giealci pait of tho 
moon's revolution, and advance during tho smaller, they 
porform their sideical revolution in 6793 d G h 41 1 * 4 
and the pongee accomplishes n l evolution in 
3233 d 1 St 48 ,n 29 ft, 4, oi a little moie thnn nine ycnrB, 
notwithstanding its motion ib sometimes lotiogiado and 
BomeUmca dneot but such lb tho diftcioiico between 
tho disturbing cncigy of the sun and that of all the 
planets put together, that it lcqunes no less tlmn 
1 09,880 years for the greator axis of tho tcucstnal 
orbit to do the same, moving at tlio ralo of 11^8 an- 
nually, Tho form of tho oaith has no Bonsiblo ofFeot 
cither on tbo lunar nodes oi apBides. It is evident 
that the aame secular variation which changes tho sun's 
distance from tlio oarth. and occasions tho acceleration 

i * 

III tli a moon's mean motion, must affect tho nodofl ami 
per i gop, It consequently apppars, fiom tliooiy ns well 

‘ NotolOi 
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n«i observation, tliat both these elements are subject to a 
secular inequality arising from the variation in the ex- 
centricity of the eatth's orbit, winch connects them with 
tho Accoleialion, so that both are retardod when the 
moan motion is anticipated The secular variations in 
these tlireo elements are in tho ratio of the numbers tt, 
073 6, and 1 , whence the three motions of tho moon, 
with regard to tho sun, to hor perigee, and to her nodes, 
are continually accelerated, and their seculai equations 
aio as tho numbois 1, 4*702, and 0 Gl2 A com pm U 
son of ancient eclipses observed by tho Arabs, Cheeks, 
nnd Chaldeans, imperfect as they are, with modorn 
observations, confirms theso results of analysis Futuir 
ages Will develop these great inequalities, which at 
Bomo moat distant period will amount to many oir* 
oumferenccs. 1 They are, indeed, periodic, but who 
shall toll thoir period ? Millions of years must olnpw 
bofoio that groat cycle is accompbshed 

The moon is so near, that the excess of matter at 
tho eaith'B equator, occasions periodic variations m hor 
longitude, and also that remarkable inequality in her 
latitude, already mentioned as a nutation in tho lunar 
orbit, which diminishes its inclination to the ecliptic, 
whon tho moon's ascending npde coincides with the 
equinox of spring, and augmepts it when that node 
coincides with the equinox of putumm As tho cmnto 
must ho proportional to the efftet, a comparison of 
those inequalities, computed from theory, with the 
name given by observation, showB that tho compression of 
tho toirestrlal spheroid, or the ratio of tho difforoncc l>r* 
tween tho polar and equatorial diameters, to tho duunclcr 
of tho equator, is P rove ^ analytically, llivil If 

a fluid inaBs of homogeneous matter, whoso pauirlw 
1 Note 105 
E 
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attract each otlier inversely as the squaio of tho distance, 
were to revolve about an axis as the earth docs, it 
would assume the form of a sphoroid whoso compres- 
sion is whence it appears that tho earth is not 
homogeneous, but decreases m density fiom its centre 
to its oircum fere nee Thus tho moon's eclipses show 
tlio earth to be round, and hor inequalities not only 
determine the loim, hut the internal stiuctuio of oui 
planet , results of analysis winch could not have been 
anticipated Similar inequalities in tho motions of 
Jupiter’s satellites prove that Ins mass is not homo- 
geneous, and that his compiesaion is IIib cqua* 

torial diameter exceeds his polar diamotoi by about 
6000 miles. 

The phases 1 of the moon, which vary fiom a slondor 
silvery cieBcent booh aftei conjunction to a complete 
circle of light in opposition, decrease by tho same de- 
grees till the moon is again enveloped m the morning 
beams of the sun. Those changes regulate tho loturns of 
tho eclipses Those of the sun can only happen in 
conjunction, when the moon, coming between tho earth 
and the sun, intercepts his light, Thoso of the moon 
are occasioned by tho earth intervening Letwcon tho 
aun and moon when in opposition. As tho earth is 
opaque and nearly spherical, it throws a conical shadow 
on the side of the moon opposite to tho sun, tho axis 
of which passes through tho centres of tho sun and 
earth 3 The length of tho shadow terminates at 
the point whoro the apparont diameters 0 of tho sun and 
earth would be the same When tho moon is in oppo* 
dltion, and at her mean distance, tho dlamotor of tho 
arm would be seen from her centre under an angle of 
That of the earth would appear under an 
1 Note 100. 9 Note 107 a Noto 108, 
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angle of COOSA'S 80 that the length of the shadow in 
at least tlirca times and a half greater than the distance 
of the moon fiom the eaith, and the breadth of the 
shadow, where it is tiaveised by the moon, in about 
eight thirds of tho lunni diamotoi. Hence the moon 
would ho eclipsed cyeiy opposition, wcio it not for tho 
inclination of hei mbit to the plane of tho ecliptic, m 
consequence of which the moon in opposition is cither 
abovo or hclow tho cono of tho earth's shadow, except 
when in or ncai bci nodes. Ilei position with legai d 
to t)icm occasions all the varieties in the Innar eclipse*. 
Every point of tho moon's surface successively loses the 
light of different paits of the sun's disc hoforo being 
cohpsed. Ilor bnghtness tliorefore giadually diminishm 
befoio sho plunges into tho caith’s shadow. Tin? 
breadth of the space occupied by the penumbia 1 is equal 
to the apparent diamotei of tlic sun, as seen fiom the* 
centie of the moon The moan duiatlon of a revolu- 
tion of tho sun, with lagard to tho node of the lunar 
mbit, is to tho duration of a synodic revolution 3 of tho 
moon as 223 to 19. So that, after a porlod of 223 
lunar months, tho sun and moon would return to tho 
Bamo relative position to tho node of tho moons 01 bit, 
and therefore tho eclipses would recur in tho game Older* 
wore not tho periods altered by irrogulantios in the 
motions of tho sun and moon In lunar eclipses, our 
atmosphere bends tho sun's rays which pass through it 
all round into tho cone of tho earth's shadow. And 
as the horizontal icfraction fl or bending of tho lay* 
surpasses half the sum of tho scmidlameters of iliu 
sun and moon, divided by their mutual distance, tho 
oontre of tho lunar disc, supposed to bo in the axis of 
die shadow, would receive tho rays from tho same point 
1 Note 109 * Notollft 3 Nolo ill 
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of tlio sun, round all sides of the onrtli, bo that it would 
he more illuminated than in full moon, if the gieatcr 
portion of the light were not stopped oi absorbed by 
tho atmosphere. InBlancos are locouled wlioio tills 
feo'bl© light has heon entirely absoibed, so that the 
moon has altogether disappeared in hoi eclipses 

r J'ho son ib eclipsed when tho moon intercepts hia 
r^ya. 1 The moon, though incoinpmably smnllor tluin 
the sun, is so much nearer the earthy that hoi apparent 
diameter diffbiB but littlo from his, but both aro lmblo 
to suoh variations, that they alternately surpass ono 
another. Wore tho oyo of a spectator in tho same 
b tonight Ime with tho centres of tho sun and moon, lie 
Would see the sun eclipsed. If the apparent diainotcr 
oF the moon surpassed that of llio biui, tlio cclipao 
would bo total If it were Icsb, tho obsoivei would boo 
a ring of light lound the disc of the moon, ami tho 
eclipse would bo annular, if tho conlio of tho moon 
all on Id not bo in the Btiaightllno joining tho ccnUcs oi 
tlio sun and the eye of tho observoi, the moon might only 
eclipse a pait of die sun Tho venation, thaioforo. 
In. the distances of the sun and moon fiom the centra 
of the esutlij and of tlio moon from her nodo nt the in- 
stant of conjunction, occasion* great vaiiotiefl m the 
aoJai eclipses. Besidcb, the height of tho moon alx>vo 
tlio horizon clianges her apparont dmmolcr, and may 
augment or diminiBh the apparent distances oi tlm 
centres of tho sun and moon, so tlmt an eolipso of tho 
aim may occur to tho inhabitant* of ono count *y, 
and not to those of another. In this rospoot tlio solar 
ecltpwra differ from the lunar, which aro tlio samo for 
ovory part of the earth where tho nun and moon *ro 
above tha horizon, In solar eclipses, tho light icflooloil 

l Note 112. 
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by the atmoaphoie diminishes tlio obscurity they pro- 
duce. Even in total eclipses the higher pan of the 
atmosphcie is enlightened by a part of the sun’s disc, 
and lcflccts its lays to the earth The whole diBO of 
the now moon is frequently visible fiom atmospheue 
reflection 

Planets sometimes eclipse oneanothor On the 17tli 
of May, 1737, Mercury was eclipsed by Venus ncm 
then mfctioi conjunction ; Mara passed over Jupitei on 
iho gth of Januaiy, 1591, and on the 30th of Octoboi, 
1825, the moon eclipsed Satin n Those phenomena, 
howovci, happen veiy seldom, because all tho planets, 
oi even a part of them, are yeiy rnicly seenm conjunc- 
tion at once, that is, in tho same pait of the heavens 
fit the Bamc time Moio than 2500 yeais bofoio our 
ein, the five gieat planets weio in conjunction On the 
lfith ol Septcmbei, 118(5, a smulai aHsemhlngo look 
place between the constellations of Vugo and Lilnn ; 
and in 1801, tho Moon, Jupiter, Saturn, and Vemu 
wcio united m the heart of tiie Lion These conjunc- 
tions aie so laio, that Lalande haB computed that more 
than seventeen million b of millions of yeais sopiuatc 
tho epochs of tho contemporaneous conjunctions ol the 
six gieat planota 

Tho motions of the moon have now become of more 
impoitance to tho navigator and geographer than Ihow 
of any otlior heavenly body, from the precision with 
which terrestrial longitude is determined by the occult- 
fttions of stars and lunar distances In conseqitoncc of 
tho rotiogiadc motion of the nodes of the lunar mbit, at 
tho rate of 2 > 10''’ 64 daily, theso points make a tom of 
tho hcavons m a little more than eighteen yeani and i 
half. This causos the moon to movo round tho earth, 
in a kind of Bpiral, so that her disc at difibiont times 
e 8 
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passes over eveiy point m a zone ot tho heavens cKtend- 
mg rather moie than 5 ° Q' on each bido oP the ecliptic. 
It 18 therefore evident, that at one time oi other, she 
must eclipse cvciy Btai and planet she meets with m 
thiB apace, Thorefoie the occultation of a stai by the 
moon ib n phenomenon of frequent occuuence Tim 
moon seorriB to pass oygi the Btai, which almost instant- 
aneously vanishes at one eule of liei dibo, mul aftei a 
bIioU time as Buddenly leappeaie on the other A 
luwu distance ib the obBoivcd distance of the moon 
from the biui, or fiom a paiticulm atm or planet, at any 
instant. The lunar thcoi y is hi ought to biich poi fee Lion, 
tlmt the tiroes of thoao phenomena, obseivod umloi any 
mendifm, when oompaied with thoso computed for 
Greenwich m tlie Nautical Almanac, givo the longiliulo 
of tho obaeivei within a few miles l 

Fiom the lunar theory, the moan diBtanco of Lho 
sun fiom tho caith, and thence the whole dimensions of 
tho bolm ByBtcm, are known. For the forces winch 
retnm the earth and moon m their orlnts ato lcapoctivcly 
propoitional to the iadii voctorefl of tho earth and 
moon, oaoli being divided by the square of its ponodic 
time* And as the lunar iheoiy givoa tho latio of tho 
forces, tho ratio of tho distances of the sun and moon 
from tli o oartli is obtained. Ilenoo it appeal a that tho 
Bun's moan distance fiom tho earth is $ 9 G 01 nearly 
400 times greater than that ot tho moon. Tho method, 
of finding tho absolute distanccB of tlio coloatwl bodies 
in miles, is in faot tho same widi that employed In 
measuring the distances of torrestilal otyccts, From the 
oxtrerqltiefi of a known base tho angles which tho 
visual rnya from the object foim with it, aro measured ; 
their sura subtracted from two right angles gives tho 
_ ' NotoOS * Nolo 113 
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angle oppoBlto tho base , therefore, by higonometry, nil 
the angles and mdee of the tnanglo may be computed 
— consequently the distance of tho object is found. 
The angle uiulci which the base of the trlanglo is wen 
from the object, is tho paiallax of that objoct, It ovulenlly 
increases and dccioasoB with tho distanco Thcieloio 
tho baBo must bo voiy great indeed to bo visible from 
tho colcutial bodies Tho globo itsolt, whoso dimen- 
sions mo obtained by actual admeasurement furnish oh 
a standard of measuies, with winch we compaio the 
distances, masses, densities, and volumes of the Rim 
and planets 



&(> THBOnBTIOAl* lOHM OF THE EARTH* 8rOX * VIh 


SECTION VI. 

Ponw OP S1RTII AND PrAKFTA — FIGUJIF OT A HOMQQFN POU* 
BFJJK HOLD rH ROTATION. — 'HGIUTU 01 A WHJ UOll> 01' VA * " 
A'B'L'E DIN SUP — ?rO0RT or TlIF HAllTII, fllfTTOSlNU ir TO II 

-AN ELI IWOID OP BF7OLUTI0N. IIP tfiU NATION OV A l^KlIKPK 

OF THP UmiDIAN — C.OUU*ft>flBlON A MU Bl/T OX 1111 FA*UI 

FJLtm dnorfib o\ uewtun — iiaurnr 01 fauth Fiton 
MU DU Lull. 

n? hb theoretical investigation of tho figure of tlio cm tit 
and planets is bo complicated, that neillrer tho gocunoti/ 
of Newton, nor tlie reBucd analyses of La Place, have 
attained more than an appi emulation • It is only witiun 
a few yearB that a complete and flinto poluLion of that 
difficult problem has been accomplished, by our dialm^ 
gfuished countryman Mr Ivory, The investigation has 
been conducted by successive steps, beginning with jt 
simple case, and tlien proceeding to tlio inorca difficult. 
But m all, tho ioices which oocaaion the lovolutioim of 
the eaidi and planets rjo omitted, because, by acting 
equally upon all tho pai tides, they do not dlatnrb their 
mutual relations A fluid mass of uniform density, 
whose particles mutually gravitate to each other, will 
assume the form of a sphere when at real Hut if tho 
sphere beguiB to revolve, every particle will doscrilx* A 
circle b having its centre in tho axle of i evolution* 
The planes of all these circles will bo paiallcl to ono 
another, and perpendioulaT to tlie axis, and tho parti clw 
will have a tendency to fly from that axis, in come- 
qnence of the centrifugal force arising from tho velocity 
of rotation The force of gravity 1 b ovorywhoro por- 
pi ©ndicular to the surface b and tonds to tlio interior of 
i Not® 114 4 Nolo U* 
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tlio fluid ribbs , whereas the centufugal foice acts pou 
poudiculftily to the axis of rotation, and it directed to 
tho extenor. And as its intensity dnnimbhoa with the 
distance fiom the axis of rotation, it dcci oases fiom iho 
equator to the poles, whoio it ceases, Now it is clcai 
that those two foices are m dnect opposition to each 
othoi in tho equator alone, and that giavity is there 
diminished by the whole effect of tho contiifugal foice, 
wlioreaa, in cYciy othoi part of the fluid, tho contulugal 
foico is resolved into two paita, one of which, being 
perpendicular to the burfaco, diimnishcB tho foico of 
giavity , hut tho othoi, honig at a tangent to tho sur* 
face, urgeB tho particles towards tho cqnatoi, where 
they accumulate till thcli numbcis compensate Uie 
diminution of gravity, which ninhes tho mass bulge at 
tho cquntoi, and become llaitoncd at the poles. Il 
appears, then, that tho influence of tho ccntuingal force 
is most powerful at tho equator, not only because it in 
actually greator thoie than olsowhoio, hut because It* 
whole effect is employed m dimimsliing giaylly, 
whereas, m ovory othei point of tho fluid mass, 1U1 
only a resolved part that is so employed. For both 
those lessons, it gradually deoi cases towards the poles, 
where it ceases. On tho contrary, gravity is least at tho 
equator, because the particles arc farther fiom thu 
conti e of tlio maw, and inci eases towards ilio polci, 
whero it is gioatest. It is evident, therefore, that* ** 
the conlrihigal force is much less than tho forco uf 
giavity, — giavitation, which 10 tho diffbicnco between 
the two, is least at the equator, and continually imncRue* 
towauls tho poles, where it is a maximum. On them 
pimciplcB Sir Isaac Now ton proved., that a homogenomi* 
fluid 1 mass in rotation, asanmos U10 form of anolllpioUl 
1 Nolo no 
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of i evolution J, whose compression is Such, 

however, cannot be the form of the oai th, becauso iho 
strata increase in density towards the centie The 
lunai inequalities also provo tho caith to l>o so con- 
structed , it was lequmtCj thoiofoic, to consider tho 
fluid mass to bo of variable clonal ty. Including this 
condition, it has been found that tho mass, when in 
rotation, would still assume tho foim of an ellipsoid of 
revolution , that tho pai tides ol equal density would 
arrange thomsolves in concentiic elliptical Htiata 2 , tho 
most denao being m tho oontiCj but that tho compies- 
Bion or flattening would bo less than in tho caso of tho 
homogeneous fluid Tho compicssion Is still lews when 
the mass is considered to bo, bb it actually 10, a aolid 
nuclaus, deceasing regularly in density fiom tho contro 
to the surface, and partially covorod by the ocoan, bo- 
cauBO the solid parts, by theh coheBion, noaily dosLioy 
that pait of tho centrifugal foice which gives tho par- 
ticles a tendency to accumulate at tho equator, though 
not altogether otherwise the son, by tho supoiior 
mobility of its pai tides, would flow towards iho equator 
and leave the poles diy. Besides, it ib well known 
that the continents at the equator, arc more elevated 
than they are in higher latitudes. It is also nocossary 
for tho equillbuum of tiro ocean, that ita donsity should 
be less than the mean density of tho earth, otherwise 
the continents would bo perpetually liable to inundations 
from storms and other causes. On tho whole, it ap- 
pears, from theory, that a horizontal ]lno passing round 
the earth, through both poles, mupt bo nearly an cllipso, 
having 1U major axis in the piano of tho oquator, and 
its mmol' axis coincident with tho axis of tho earth’/* 
rotation, A It is easy to show, in a spheroid wluwo 
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revolution J j whose compression is HucJi, 

Ivowever, cannot be tbc form of the wiUh, hucausi* lilt* 
ta increase in density townuls tho centre. Tin* 
lunen inequalities aJbo piovo tho cmfU to lie ho con- 
striated, it was lequisite, thousfoiOj to ummtW flu* 
mass to be of vamble density, Including lliii 
^riclition, it has been found that tho liman, ^vf l l?M in 
rotation, would still assumo the foun of an illTpuulit of 
revolution j that the pfuticles ol oqiml demnty uituhl 
a ri*ange themselves in concentric elliptical HtwUn J j tho 
*** os t dense being in tlioccntio; but llinl the compir*- 
eion or flattening would be lesa than in the cane of Uip 
homogeneous fluid Tho oomjnoBsion Ib allll \\1 m li 
Tnaaa ib consideied to be, as it actually in, n Muliil 
nttcfeufij decreasing legularly m density fioni the milm> 
*° surface^ and partially coveietl by the ocumi, lie- 
cause the solid parts, by thou cohesion nearly ih^troy 
***** part of the centrifugal foice which given tlie par- 
tfole« n tendency to accumulalo at Lho equator though 
not ^Itogethei otbeiwise tlio sen, by the superior 
ntotoUxtyof itepamcK would flow townrtla iho v qua for 
anci Jeave the poles diy Besides, it Is well known 
continents at tbe equator; nro woio clovutpd 
they are m higher latitudes. It j* *i« 0 iwccmry 
r the equilibrium of the ocgau, that Hu Joimlty nhcmld 
be than the mean density of tho onrth, oUimyJ*r 

tbe continents would be perpetually Hnlilo k> JhiukUMojih 
om atom* and other causes. On tho whofo, it 

S** 0 * * oin < heor ^ ^ a t a honwmtul lino pawing round 
0» through both p„l M , ,J r) 

lovme „ w «, a „ of ' 
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strata aio elliptical, that the increase m the longih 
of the 1 adn 1 , the dccicasc of giayitntion,. nml \}\ v 
mcieese m tho lengths of the arcs of tlio lnentlmn, 
coucspondmg to angles of one degice, fiom the pubs 
to tho equator, are all piopoilional to the squaie ol tin* 
cosine of tho latitude. 24 These quantities me w> imi, 
ncctcd ’with tho elhpticity of the apheioul, lluit the total 
mcicaso in the longth of the iadu is equal to the rum- 
presalon or flattening, and the total diminution in iV 
length of tho arcs ib equal to the compression, mulliplh d 
by tlnce times the length of an arc of ono degree id lint 
equatoi. Hence, by measuring the meridian cuivntnrr 
of tho earth, tho compression, and consequently L(* 
figure, become known TIhb, indeed, is assuming llm 
euith to be an ellipsoid of revolution, but the ncltul 
monsiuemcnt of the glohe will show how far it lorrc 
sponds witli that solid in figure and constitution. 

The courses of the gieat nvera, winch aio m goiioral 
navigable to a coneidciable extent, piove that tho ourv 
aturo of tho land differs hut little from tlmt of Mu* 
ocean , and as the heights of the mountains ami con- 
Unonls aro i n cons idei able when compared with lit* 
magnitude of the earth, its figure is understood In Ikj 
do tor in mod by a surface at every point perpendicular la 
the direction of gravitation, or of the plumb-] i no, tthd 
Is the same which the sea would have, if it woio coll 
tinned *11 round the earth beneath the conlJnouU, 
Buch is tho figure that has been measured In tho follow, 
ing manner : — 

A terrcBtnal memhan is a line passing thiougli Unit 
polo's, all tho poinla of which have their noon uint< m. 
porancously AVoro tlie lengths and cmvalurc* or dlf» 
foront meridians known, the figure of tho oartli nd^hi 
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be determined. But the length of one <lo « 1CQ is 
cienfc to give die figure of tho earth, if ^ * JU nipjiwureil 
on different meridians, and in a vnrloiy of Inlitudea* 
For if the earth weio a bplioio^ nil (lcg I<ct,s ,v oulil 1>t k 
the same length, but if not; tho length lfi die 

will be gi eater; exactly in piopoition n» c UivaUirc is 
leas* A companson of tho lengths of 11 dugiee ill dif- 
ferent parts of tlie eaitli'e surface, will thci elui o tic ter- 
mine ita size and foinn 

An arc of the meridian may bo mcaaurud, liy observ- 
ing the latitude of its oxtromo points 1 * und then 
aunng the distance betweon thorn in Cc^oO ui fttlliouiN, 
The distance thus detei mined on tlic 1 Hiufnco of t lie 
eardi; divided hy tlie degrees anil par ta of a device* con- 
tained in the diffbicnco of tho lfUiUulcs* will give tUc 
exact length of one degree, tho diflfcieiico of llio lall tildes 
being the angle contained between llio vciIichIh lit llto 
axtiemitiea of tho arc. This would bo unaily accom- 
plished weio the distance unobstructed* mid on n U*vt l 
with the sea Jiut, on account oi tho liiiiunicinhli" ob- 
stacles on tlie surface of tho cnith; it la ncccsani y to 
connect the extrema points of tho fuc by n mjuoh of tri- 
angles 2 ; the sides and angles of which tuo either men** 
Bured or computed; so that tho lonpjtli of tho nrc In 
ascertained with much lahorioiiB computation, in cmi- 
Bequence of tho irregularities of tho Biirfaco, each tri- 
angle ib in a different plane. Thoy must therefore bo 
reduced by computation, to what thoy would have been 
had they been measured on the aurfaco of tho *oau 
And as tlie earth may in tins casobo emteomed upliorlcfll* 
they require a correction to reduce tliom to spherical 
tnangles. Tlie gentlemen who conduct tlio trJgono- 
metrical survey; in measuring 500 foot of n base in Ire~ 
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land twlco ovoi, foil ml that the difference in the two 
ineasuiements did not amount to the 800th pint of tm 
inch. Such ib the accuiaoy with winch theso operations 
aio conducted, nnd which they require. 

Arcs of tho men dinn have been measured inn variety 
of latitudes north and south, *is well as arcs pcipondicu.. 
lai to tho mend mil. From these measurements it ap- 
pears, that tho lengths of tho degreeB moreaBe fiom tho 
equator to the poles, nearly in propoition to tho equaic 
of the Bine of the latitude 1 Consequently, tho convo\ity 
of tho earth diminishes from the equator to tho polcB. 

Wore tho earth an ellipsoid of l evolution, the meri- 
dians would he ollipBGB whobe lessor a\oa would coincide 
with tho axiB of lotation, and all tho dogreos measured 
betweon tho pole and the equator would gwo tho same, 
compression wlion combined two and two. Tlmt, how- 
ovcij is far fiom being tho ease Scnicoly any of Lho 
moaBinoments gWe exactly the sameicsults, chiefly on 
account of local altiaotionB, winch cause the plumb-lmo 
to doviato fiom the vortical. Tho vicinity of mountains 
has that effect. Hut one of tho most lomarlcablo, 
though not unprecedented anomalies, tabes placo in the 
plains in tho north of Italy, where tho action of some 
dense subterraneous matter, cargos tho plumb-lino to 
doviato seven or eight timegj moio tlinn it did from the 
Dtti action of Chimboravo during the experiments of 
Bouguor, while measuring a degree of tho meridian nl 
tho equator In consequonce of this local attraction, 
tiro degreeB of tho meridian in that part of Italy, socin 
to Increase towards the equator through a small space, 
instead of decreasing, as if tho earth was drawn out at 
tho poles, instead of being flattened, 

Many ollror discrepances occur, but from tbo moan 

i Nerto ISI 
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df the five principal measurements of <ucs in Por 11 ^ 
India, France, England, and Lapland, Mr, Ivory In 1 ** 
tie dueed that the figure which most nearly follows 
law is an ellipsoid of revolution whoso ccpwtonnl uuli* 1 ** 
ib S962'824j milca, and tho polai ladnis dfjdf) !$&& 
miles The difference, or 13*239 miles, divided 
tLe equatorial radius, is -j-jjg nearly , Tins fraction 
called the compression of tilt earth, because, accord! 1 *# 
as it is greater or leas, the tencstnal ellipsoid ia mOi'*' 
or lees flattened at the poles It dooa not drflbi mild* 
from that given by the lunar inequalities. If wo n*- 
BUmc tho earth to be aspharo, tho lonfiftL of a degreo of 
the meridian Is 69^ British milofl, Thcicfoio, fiOO 
degrees, or the whole cmmmfeionco of tho globe,, I* 
24^856* miles, and tho diameter, which Is something 
thtm a third of tho circumference?, 18 about 7f)12 or 
8000 miles nearly. Eratosthenes, who died IQ'b yctim 
bofoie the ChiiBtian ora, was the fliat to give an ap- 
proximate value of the earth's oi rerun f 01 once, by llio 
meaeurement of an arc between Alexandria and By 011c*. 

There ia another method of finding tho figure of tlio 
earth, totally different from tho pi eon ding, and only 
depending upon tho inoreaso of gravitation from tlio 
equator to the polo. Tlie force of gravitation at any 
place, ie measured by the descent of a heavy body dnrlupf 
the first second of its fill. And tho intensity of tlio 
centrifugal force, is measured by tlio deflection of nuy 
point from the tangent in a second. For, slnco tlio 
centrifugal force balances the attraction of tlio onrtli ^ 1 1 
ia an exact measure of tlio gravitating force. Woio tlio 
attraction to cease, a body on tho surface of tlio oar lit 
would fly off in the tangent by tho centrifugal foroo^ 
instead of bending round in tho oirolo of rotation. 
Therefore, the deflection of tlio olrole from tho tangon t 
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dunng any given time, mi oil qb n second, measures tlio 
intensity of the em til's attraction, and is equal to tho 
versed sine of the a\c described during that tnno, a 
quantity easily do terrain ed flora tho known velocity of 
tho eaith's lotation. Whence it has been tonne], that 
at tho equator tho centrifugal foico is equal to tho 28 ()ih 
pait of giavuy, Now, it is proved by analysis, that 
whatever tho constitution of the earth and plnnots may 
be, it the intensity of gravitation at tlio equator be taken 
equal to unity, the sum of the compi ession of tho ellip- 
soid, and tho whole increase of giavitation from tho 
cquatoi to tho polo, is equal to five halves oi tho ratio 
of the ccntufugal forco lo giavitation at tho equator. 
This quantity with legard to Lira earth is ^ of -^-g, or 
Consequently, the completion of the earth is 
equal to 'xrjri diminished by the wholo inoicaso of 
giavitation. So that ite fonn will bo known, if the 
whole increase of giavitation from tho equator to tlio 
pole, can be dctei mined by experiment. Tills lias been 
accomplished by a method founded upon tlio following 
considerations, — If tho earth were a homogeneous 
splioro without lotation, its attraction on bodies at its 
surfaco would be ovciywhora tho Bame, If it bo ellip- 
tical and of variable density, tho forco of giavity, theo- 
retically, ought to increase from tho equator lo tho pole, 
as unity plus a constant quantity multiplied into tlio 
square of the sine of tho latitudo.i But for a spheroid 
in rotation, Uie contrifbgal force varies, by tlio laws of 
mechanics, aB tho squaro of tlio sino of the latitude, from 
tho equator, whoro it ib greatest, to tlio polo, wlicro it 
vanishes. And as it tends to mako bodies fly off tho 
surfaco, it diminishes tho forco of gravity by a small 
quantity. IIouoo, by gravitation, which is tho diflbr- 
) Koto m 
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enco of these two forces, the fall of bodies ought to 
accelerated from the equator to tho poles, proper 1 1 pli- 
ably to the square of the sine of the latitude ; mid ^ 10 
weight of the same body ought to increase m 
lafcio This is directly proved by the oscillation^ 
the pepduluml, which, in fact, is a foiling body ; -f * 01 
if the fall of bodies be accelerated, tho osciUn(J° llfl 
Will be more rapid in order, thcrefoio, that thoy in^y 
always he performed in the samo time, tho 
of the pendulum must be oltorcd, J3y numciouH 
careful experiments, it is proved that a pondulum whl ^ 1 
osoi Hates 86,400 times in a moan day at tho equal 
will do the same at every point of the caiLh’s surfneo* 
if its length be increased progressively to the polo, 
the square of tho <nno of tho latitude, 

Fiom the mean of these it appeals that tho wliolo 
decrease of gravitation from the poles to tho equator i« 
0 0051449, which, subtracted from 77 ^ 7 , allows tlmt 
tho compression of tho terroatnal spheroid is about 
Tins value lias been deduced by Mr. Daily* 
Piepldent of the Astronomical Society, who has dovototl 
much attention to this subject ; at the same time, it 111 t*y 
l>e observed, that no two gets of pendulum experiments 
give the samo nmilt, probably from local ftttiaclion«* 
Theicforo, the question cannot bo considered as doH^ 
mtlvcly settled, though tho differences aro vory email- 
The compression obtained by this method doosnot cHJft* 
for much flom that given by tho lunar inequalities, nor 
from tho arcs in the direction of the meridian, anti 
those perpendicular to it. The near coincidence o C 
these three values, deduced by methods so entnely In- 
dependent of each other, shows that the mutual lonrt-* 
oncioB of the centre* of the celestial bodies to on o 
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anothei, and the attiaotion of the oaith for bodies at lU 
surface, igbuU from tho reciprocal atti action of all tlioir 
pm tides Another pi oof may be added Tho nutation 
of the caitlds axis, and tho pi occasion of the equinoxes!, 
aie occasioned by the action of tho sun and moon on the 
protuberant mftttci at tho emtlis equator And r 1- 
though tlicso inequalities do not givo the abBoluto value 
of the icncstrinl compicBsion, they bIiow that the frac- 
tion cxpie&smg it ib comprised between the limits -j ^ 
and 

It might bo expected that tho samo compicBsion 
should result fiom onch, if tlie difforent methods of 
observation could he mado without onor Tins, how- 
ovci, is not tho case, foi, nf tor allowance has been 
mado foi every caueo of onoi, such discrepances aro 
found, both m tho degices of tho mendian and in tho 
length of tlie pendulum, as show that tho flguie of tho 
oaith is veiy complicated But thoy aie so small, wlion 
compared with the gcneial lesulte, that thoy may bo 
disiegaided* Tho compie&sion deduced from the moan 
ot tho wholo appeals not to diffoi much from ; that 
givou by tho lunar theory lias the advantage, of being 
independent of the lrregulantiea of the eaith's suriaco 
and of local attractions. Tlie regularity with which tho 
observed variation in tlie longth of the pendulum, follows 
the law of tlie square of the eino of tho latitude, proves 
the stiata to bo elliptical, and symmetrically disposed 
lound the contro of gravity of the earth, which affords 
a stiong presumption in favour of its original fluidity 
It 1b lemarkahlo how little influence the aea has, on tlio 
variation of tlie lengths of the arcs of the meridian or 
on giavitationj noilhrr docB it much affect the lunar 
inequalities, horn its density being only about a fifth of 
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the mean density of the earth* For, if the eaitli wero 
to become fluid after being stripped of the ocean, it 
would assume the form of an ellipsoid of revolution 
whose compression is which differs very little 

from that determined hy ohsorvation, and proves, not 
only that the donsity of the ocean is inconsumable, but 
that its mean depth is very small* There may be pro- 
found cavities m the bottom of the sea, but its mean 
depth probably does not much exceed the mean height 
of the continents and islands above its level* On this 
account, immense tracts of land may be deserted or 
overwhelmed by tho ocean, as appears leally to have 
been the case, without any great change m the form of 
the terrestrial spheroid* The variation in the length of 
the pendulum was first remarked by Richter in 1672, 
while obsoivmg transits of the fixed stars across tho 
meridian at Cayenne, about five degrees north of tho 
equatoi lie found that hia dock lost at tho rate of 
daily, which induced lum to determine tho 
length of a pendulum beating seconds in that latitude, 
and ropcatmg the experiments on his return to Euiopo, 
he found the seconds pendulum at Pans, to bo more 
than the twelfth of an inch longer than that at Cayenno. 
Tho form and size of the earth being detoi mined, it 
furnishos a standard of measure with which tho dimen- 
sions of the solar system may be compared* 
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SECTION VII. 

PARAITAX. — IDNAa PAUJLVT TOUND PROM DIRFCT OHSFRV- 
ArlQN — SOfAR, r \ RAt LAX DFlKJCl J) T1LOM Till lRANSll OF 
yi HUfli - — DIS1 VKCP OF TIIFSUN I ROM IKK KAHTir — < ANNUAL 
PARALLAX* DISTAWO Or TWF HX1 I> STARS 

Tiih parallax of a celestial body is the angle under 
winch tho radius of the earth would be seen, if viewed 
from tho centre of that body , it affouls the means of 
oscci taming the distances of the sun, moon, and planets. 1 
When the moon is m the horuon at tho instant of rising 
or sotting, suppose lines to be drawn lrom hor ccntio to 
tho spcctatoi and to the centre of the eaith ,* these would 
foim a right-angled tnanglo with tho terrestrial radius, 
wlucli is of a known length ; and as tho parallax or 
angle at tho moon can bo moasmed, all tho angles and 
one side are giyon ; whence the distance of tho moon 
from tho centra of the oartli may be computed. Tho 
parallax of an object may be found, if two obBervoia 
undor tho samo meridian, but at a vory great distance 
from one another, observe Its remth distances on tlic 
aarae day at tho time of Its passage over tho moridlan, 
By such contomporaneous observations at tho Capo of 
Good Hope and at Berlin, the moan horizontal parallax 
of the moon was found to be 3459 *, whence tlw moan 
distance of the moon ib about sixty times tho moan 
terrestrial radiuB, or 287,360 miles nearly. Smco the 
parallax is equal to the radius of the oarlh divided by 
tho distance of tho moon, it vanes with tho distance of 
the moon fiom tho earth undor tho same porallcl of 
latitude, and proves tho eliiptloity of the lunar orbiU 
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When tho moon is at hoi moan difttanco, it varies wid* 
the terrestrial radii, thus showing that the om tli in n ol ** 
sphere 1 

Although the method described ia sufficiently accutulc" 
for finding tho parallax of an ohjeat bo ucai as the moon * 
it will not answer foi the sun, which is su lcinoto ihn^ 
tho amallcBt cnor in observation would lead to n fill*** 
result But that difficulty is obviated by tho linnmiH oi 
Venue Wlien that planet is m her nodes* 3 , 01 within 
1 ^° of thorn, that is, m, or nearly ui, tho jdnno of llu* 
echptio, she is occasionally seen to pass ova tho sun likt* 
a black spot If wo could imagino that tho sun fine l 
Venus had no parallax, tlio lino tlescnbcd by tho plant - 1 
on lua disc and the duration of tho transit would bo llu* 
same to all die inhabitants of tho earth. But ns the* 
semi-diaiinoter of the earth has a sonsiblo magnitude? 
when viewed from tho contro of tho sun, tho line de- 
scribed by the planot in its passage over Ins disc appear* 
to be nearer to lus centie, or farthor from it, according 
to the position of the obaeiver; so that tho duintlon of 
the transit vanes with tile diffciont points of tho enrlll'* 
Burface at which it jb observed, n Tins lUffbrenoo of 
tune, being ontiroly tho effect of parallax, furnishes the 
means of computing it Bom tho known motions of tlir 
eaith and Venus, by tho same mothod ns foi tho cclipaOH 
of the sun. In fact, the ratio of tho distances ol Vemm 
and tho sun from the eaith at the time of tho Linnsitart* 
known fioin tho theory of thoir elliptical motion. Con- 
sequently the ratio of die parallaxes of those two bodioa, 
being inversely as their distances, Ja given ; nml ns the 
transit giTCB the diffbrenco of the parallaxes, that of (he* 
sun li obtained. In 17G9, die parallax of tho sun w«u 
dotormined by observations of a transit of Venus made 
1 Note 1S7. » Nolo 128, a Noto ISO, 
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at Waidlms m Lapland, and at Otalieitc in tlie South 
Sea, Tho lattoi observation was tlio object of CooVr 
fhst voyage. Tho hansit lasted about six home at 
Otahcito, and tho diflbrcncc in duration at these two 
stations was eight minutes, whence the sun's hou/omal 
paiallax was found to bo 8" 72 But by othci con- 
siderations it lifts been lcduccd to 8* 5776, fiom wluch 
tho mean distance of the sun appears to be about 
95,070,500 miles, or ninety-five millions of mtlcfl 
nearly This is confirmed by an inequality m the 
motion of tho moon, winch depends upon the paiallax 
of tho sun, and which, when compared with observation, 
giYos 8 s 6 for tlie sun’s parallax 

The parallax of Venus is determined by her twinsits, 
that of Mnit by direct obscivation, and it is found to 
be ncftily double that of the sun, when the planet is in 
opposition. Tho distances oi these two planets fiom 
tho earth aio therefore known m tcncBtrial radii, con- 
sequently their mean distances fiom tho sun may be com- 
puted, and as the latios of tlio distances of the planets 
from tho sun, aio known by Kepler's law of tho squares 
of the periodic times of any two planets being as the cubes 
of then mean distances from the sun, their absolute 
distances in miles are easily found 1 This law jb voiy 
remarkabla, in thus muting all the bodies of tlie system, 
and extends to tlie satellites os well as the planets. 

Far as the earth Bcems to he from the Hun, XJianus is no 
Icbs than nineteen times farther, Situate on the vorgo of 
tlio system, the sun must appeal to it not muoh largoi 
than Venus docs to ua. The earth cannot even bo visible 
as a telescopic object to a body so remote, Yet man, 
the inhabitant of the earth, soars beyond the vast di- 
mensions of tho Bystem to which his planet belongs, and 
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assumes the diameter of its orbit as tho base of a tn* 
angle; whose apex extends to tho stare. 

Sublime as tlio idea 10 , this assumption piovca ill- 
effectual, for the appmenfc places of the fixed stars aro 
not sensibly changed by tho eaith s annual lovolution 
With the aid derived from tho refinements of modorn 
astronomy, and of the most perfect Instruments; it is 
itjll a mattei of doubt, whothoi a flonsiblo piuallnx has 
been detected even in tho ncaicflt of these remote suns. 
If a fixed star had the parallax of ono second, it would 
bo 215,789 times farther from tho flun than the eaith 
is. At eucli a distance not only tho tonostiial orbit 
shnnks to a point, but the wholo solor system scon 111 
the focus of tho most powerful telescope, might be 
covered by the thickness of a spider's tin end, Light 
flying at the rate of 200,000 miles in a second, would 
take three years and floven days lo travel ovoi that spaco 
One of the nearest stars may thorofoio liavo boon kindled 
or extinguished more than three years, bofoio wo could 
have been aware of so mighty an event. But this dis- 
tance must be small, when compaiod with that of tho 
most remote of the bodies which nro visible m tho 
heavens. The fixed stars aio undoubtedly luminous 
like the |un , it is theroforo ptobablo that thoy aro not 
nearer to one another than tho sun is to tho nearest of 
them In tho milky way and tho other starry ncbulm, 
some of the stars that scorn to us to bo doao to oihois, 
may be far behind them in tho boumllosa doptli of spaoo , 
nay, may be rationally supposed to bo altunto many 
thousand times farther off* Light would theroforo ro-* 
quire thousands of year* to come to the eaith from 
those myriads of suns, of which our pwu ii but fr Uio 
dim and remote companion/’ 
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SECTION VIII. 

MAS8P«J Ok ir,AW>Tfl Uf*T HAVS NO BAmUTPS DFlFftMlNl D 

1 ROM rilHR rFUlURBMlONS MAWS Ok fill OllltftH OH- 

TAlNrD kROM TUP JlOtlONfl or TlirlR HAlMilUPB — MAhS** 
or 1IIF SUN, TI1K FARTIT, 01 JUPlTPR, AND 01 TUP J0V1A1. 

UYSIFM MASS 01 1HF MOON — HEAT IUAMUKUb 01 FLA* 

NFll, HOW ORTAINFD — 81/1 OV SUN - — • DFN^i HE9 Ok 111! 
HFAY1 NIY BODIES — -kORMATlON OP ASUIONOMICAT TABU'S, 
•— < RBQUI8I1K DATA AND JIV AN8 Ok OltTAlNINO T1IPM. 

Tub masses of such planets as lmvo no satellites, aio 
known by comparing the inequalities they produce m 
the motions of the earth ancl oi each othoi, delcnnniQil 
theoretically, with the same inequalities given by ob- 
soivation , foi the disturbing cause must nccesaanly be 
pi op oi tional to the effect it ptoduccs. The masses of 
the satellites themselves may also bo compared with that 
of the sun by thoir poiturbalions Thus, it is found, 
fiom tbo comparison of a vast number of observations, 
with La Placo's theory of Jupltoi's satellites, that tho 
mass of the sun Is no less than 66,000,000 times gi eater 
than tho least of theBQ moons, .But as tho quail li ties of 
matter in any two primary planets, are dnectly as tho 
cubes of the mean distances at which thou satellites 
revolve, and inversely as the squat oa of their pouodlo 
times 1 , the mass of tho sun and of any planets which 
have satellites, may bo compared with tho mass oi tho 
oaitli In this mannei it is computed that tho mass of 
tho sun is 3S4,f)36 times that of tho cailli j whence tho 
great perturbations of tho moon, and the iapid motion 
of tho perigee and nodes of her mbit. Even JupUtn, 
tbo largost of the planets, has recently been iouml by 
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Professor Airy to lie 1048 , 6g times less than tho sun, 
and, indeed, tho mass of the whole Jovial System is not 
moie than tho 1047 7th pait of that of tho bud Bo tlmt 
the moflB of the satellites hears a very small propoition to 
that of their pnmaiy The maBS of tho moon is deter- 
mined fiom seveial souices, — flora hoi action on tho 
terrcatnal equatoi, wlucli occasions the nutation in the 
axis of lotation , from hei horizontal paiallax, fiom nn 
inequahty she pioduces m the sun's longitude, and fiom 
her action on the tides Tho three first quantities, 
computed fiom theory and compared with thou obseivcd. 
values, give hei mass respectively equal to the 
-^• 3-3 and part of that of the earth, which do not 
diffei muoli fiom oaoli othei Dr Bnnklcy, Bishop of 
Cloyne, hag found it to ho ^ from the constant of lumu 
nutation , but fiom tlie moon's action in raising tho 
tides, hei mass appears to be about- the seven ty-flfth 
part of that of the earth, a value that cannot diflfei much 
from the truth 

The appaiont diameters of thoBun, moon, and planets 
are determined by measmement , therefoie thou real 
diameteis may be compaied wiLli that of tho enith , for 
the real dmmotci of a planet, is to the real diameter of 
the earth, or 7 Q 12 miles, as the appaiont diamotcr of 
the planet to tho appoient diameter of tho earth as 
seen fiom the planet, that is, to twice the paiallnx 
of the planot. The mean apparent diamctci of tho 
sun is 1922" 8 j and with the solai paiallnx 8"'5776 t it 
will l>o found that the diameter of the sun is about 
886,800 miles Therefore if the ccntro of tho sun 
wore to coincido with the centro of the cAith, Ida 
volume would not only include the 01 bit of (ho moon, 
but would extend ncmJy as far again , for tho moon's 
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moan distance fiom the caith is about aixty times the 
caith’s mean radius., 01 237,360 miles so that twice 
the distance of the moon is 474,720 miles, which diffbis 
but little fiom the solai lading, hia cqiwtoual ladius is 
probably not much leas than the majoi axis of the 
litinu oi bit The diameter of the moon is only 216 0 
miles, and Jnpitci's diameter of 87,000 miles is vciy 
much less than that ot the sun , the diameter ot PnllaH 
does not much oxceetl 79 miles, fco that an inhabitant 
of that pi aiiot, in one of orn steam carnages, might go 
lound lus woilil in a few hours 

The densities of bodiCB aio piopoitionaltothcirmasscs, 
divided by then volumes* lienee, if the sun and 
planets bo assumed to be sphoics, then volumes will bo 
as the cubes of thou diamoterB Now, the appmonl 
dinmeteiB ot the auu and caith, at then mean distance, 
aio 11)22" *8 and J7" 15^2, and tho mass of the eaitli 
is the 354,936th pait of that of the buh taken as tho 
unit It follows, therefoic, that tho earth ia noaily fom 
times as donso as tho sun, But the sun Is bo laigo, 
that Iub attiaotivo force would cause hodios to fall 
though about 334*65 foot in a second. Coiisoquontly, 
if he wore habitable by human beinga, they would bo 
unable to move, since their woight would bo Unity 
timos ns great as it is lieie A man of modciate biro 
would weigh about two tons at the surfaco of tho sun , 
wheroas, at the aurfaoo of tho four now planets, lie 
would bo bo light, that it would be impossible to stand 
steady, si nee ho would only weigh a lew pounds. All tho 
planets ami statclhtcs appeal to be of loflfl density than 
the caith. Tho motioiiB of Jupitci f B satellites bIiow 
that liia density increases towaicla Iub coiUio Wcio 
lus mass homogoncouB, lus cquatonal and polar axes 
would bo in tlie lallo of 41 to 36, wlioicas they aio 
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observed to be only as 41 to 38, The singulai irregu- 
larities in the form of Saturn, and the great comprcfl- 
biotl of Mars, prove die internal structure of these two 
planets to be very far from uniform 

Before entering on the theoiy of rotation, if may not 
be thought foreign to the subject, to give somo idea of 
the methods of computing the places of the planets, and 
of forming astronomical tables Astronomy is now di- 
vided into the three distinct departments, of theory, 
observation, and computation Since the problem of 
the three bodies can only be solved by approximation, 
the analytical astronomei determines the position of 
a planet in apace, by a senes of collections. Its place 
in its circular orbit is first found, then the addition or 
subtraction of the equation of the centre to or from its 
mean place, gives its position in the ellipse. This 
egam is corrected by the application of the pilncipal 
periodic inequalities, But as these aro detei mined 
for some particulai position of the three bodies, tlioy 
require to be collected to suit other relative positions. 
This pioccss is continued till the corrections become 
lesa than tho enois of obBeivation, when it is obviously 
unnecessary to osny tho approximation fiuther. The 
hue latitude and distance of tho planet from tho sun 
are obtained, by methods similar to thoso employed foi 
the longitude. 

Since tho earth revolves equably about its axis in 24 
hours, at the rate of 15° in an hom, time becomes a 
measure of angular motion, and tho principal clement 
in astronomy, where the object is to determine tho oxnot 
state of the hoavcnB, and the successive changes it un- 
dergoes in all ages, past, present, and to come. Now 
the longitude, latitude, and distance of a planet from 
the sun, aro given in tonne of the tlmo, by gonoral 
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analytical fonrmlrc. These formula will consequently 
give the exact place of tho body m the lieavcuB, for any 
time RBSiimod at pi casurc, provided they can be i educed 
to mimbcis, Hut before the calculator begins Ins task, 
tho obseivcr must furnish the ncccsaaiy data,, which 
arc obviously, tho forma of tho orbits, mul then posi- 
tions with rogaui to tho piano of tho ecliptic 1 It ib 
ihcrcfoio nccessaiy to determine by obacivation for 
oach planet, tho length ot tho major nxm of its oiblt, 
tlio cxcontilclty, the inclination ot the orbit to tho piano 
of tho ecliptic, the longitudes of its perihelion and as- 
cending node at a given tnno, tho periodic umo oi Lho 
planet, mid its longitude at any instant arbitmuly as- 
flumed, as an origin from whence all its subsequent and 
antecedent longitudos aro estimated. Encli of theBQ quan- 
UUea is dotci mined irom that position of tho planet on 
which it lias moat influence For example, tho sum of 
Lho greatest and least distances of tho planet from 
tho buu 1b equal to the major axiB of tho orbit, 
and their difibrcnoo is equal to the oxcentncity. Tho 
longitude of tho planet when at Its least distanco fiom 
the sun, i* tho same with the lmigitudo of the perihe- 
lion; tho gronloflt latitude of the planet is equal to tho 
inclination of tho orbit ; the longitude of tho planet, 
when in tho piano of tho ochptic in passing towards 
tho north, la tho longitude of die ascending nodo, ami 
tho periodic umo is lho interval between two consecu- 
tive passages of tho planet thiough tho same node, a 
small correction being made ior the procession of lho 
node, during tho i evolution of tho planot * 3 But, not- 
withstanding lho oxcellonco of instruments ond tho ac- 
curacy of lho modem obsorvoifi, the unavoidable on on 
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of observation can only be compensated by finding the 
value of each element from the mean of, poihaps, a 
thousand, or even many thousands of obacivationa. 
For as it is piobable that the enoia aic not all m one 
direction, but that some aie in excess and othois in de- 
fect, they will compensate each othei when combined. 

However, tile values of tbo cloments dctei mined bc- 
paratcly can only be icgarded os approximate, becaiibe 
tliey me so connected, that the estimation of any one 
independent dy, will induce choib In tho otliois The 
excentricity clopondB upon tho longitude of tbo pcnlic- 
hon, the mean motion depends upon tho mnjoi axis, tho 
longltudeoJ: thenodoupon the inclination of the 01 bit, and 
vice vcisd Consequently, tlio place of a planet com- 
pnted with the approximate data will difFei Aom its 
observed place. Then, the difficulty is to ascertain wlml 
elements are most in fault, smeo tbo diflbionce In ques- 
tion is the ciroi of all, but that is obviated by finding the 
oirors of some thousands of obBCivations, and combining 
them, so hb to coircot the elements simultaneously, ami 
to make the eum of the squaics of tho cnors a lmm- 
mum with regmd to each element 1 Tho method ol 
accomplishing fins depends upon the Theory of Proba- 
bilities; a Bubject foitilo m most important lcsulls m 
tho vaiiouB depaitraents of science and of civil life, ami 
quite Indispensable in the determination of astionomical 
data. A senes of observation b continued foi somu 
years, will give appioximate values of the seculor and 
periodic inequalities, which rnuat bo conccted fiom time 
to time, till thcoiy and observation agioo And those 
again will give ybIugb of tho maaBOB of tho bodies 
forming tho solar system, which arc important data In 
computing their motions, When all theso quantl- 

l Note J8S, 
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tics aie do toi mined in numbois, tho longitude, latitude, 
and distances of tho planet from tho sun arc computed 
foi stated mteivftlB, and formed into tables, anangod 
aceoidmg to the time estimated fiom a given epoch, ro 
that tho place of the body may bo detoi mined fiom them 
by mspoctioii alono, at any instant, for pnliapa a 
thousand years befoie and aftoi tlmt epoch. ]ly tins 
tedious pi ocess, tables have been computed for eleven 
planets, besides the moon and the satellites of Jupitei. 
Thoso of tho foui now planets are astonishingly pcifccl, 
considoung that these bodies have not bepn discovered 
moiq than thirty yeais, and a much longer time is 1 ex- 
quisite to devolope then inequalities 
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SECTION IX. 

ROTATION OF* TIIF HUN ANT) TI VNFTfl, — SATURN'S RINGS, — 1F- 
iuooa or the rotation of the moon and otiifr, lAixirm i 
eq.ua r to iliF tfrioim o> tiifir Rupou/rioNfl — iorm o* 
LUNAR flrilFROID — LI8RAT10N, VSTECT, ANJ> CONfllllUUON 
OPTnKlIOON — ROTATION OF JU Pin R’S lATFrnTFS 

Tun oblate form of several of the planets indicates 
rotatoiy motion Tina lias beau confirmed, in most 
cases, by tiacing Bpots on then Bin face, by which thoir 
poles and times of rotation have been detoi mined Thu 
rotation ol Mercury is unknown, on account of Ilia piox- 
limty to tlie sun , and that of the new planets has not 
yot been ascertained Tho sun revolves in twenty-flvo 
days and ten hours about an axis which is dneotcd to- 
wards a point half-way between tho pole-star and Lyra, 
the plane of rotation being inclined by 7° 30', or a 
little more than seven degrees, to the plane of tho 
ochpbc it may therefore he concluded that the sun's 
mass is a spheroid, flattened at die poles, Fiom 
die rotation of the aim, thoro is every reason to believe 
that he has a progressive motion m apace, although the 
direction to which he tends is unknown But, m con- 
sequence of the leaotion of the planets, ho dosenbes a 
small irregular orbit about die centic of gravity of tho 
system, nevor deviating from his position by more than 
twice his own diametei, or a little moio than seven 
times the distance of the moon from the earth, Tho 
sun and all his attendants rotate from west to east, 
on axes that remain nearly parallel to theraaolvos l in 
every point of their orbit, and with angular velocities 
that are sensibly uniform, 3 Although tho uniformity 
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in the direction of their lotation is a ch cum stance 
liitheilo unaccounted for in the economy of naturo, yot 
from tho design and adaptation of ovoiy other pait to 
tlic peifcction of tho whole, a coincidence bo lomaikable 
cannot ho acculontal And as the 1 evolutions oi tho 
planets and satellites are aho fiom west to caBt, it is 
evident that both must have arisen flora tlio pi inn live 
cause which has determined tho planetary motions. 
Indeed, La Placo haB computed the probability to bo 
as four millions to one, that all tho motions of tho 
planots, both of rotation and revolution, weio at onco 
imparted by an ongmnl common cause, but of which 
wo know neither the nature nor tho epoch. 

The luigor planets lotato in shortoi periods than the 
Hmallci pianola and tho omth. Their compression is 
consequently gi eater, and the action of the sun and of 
their satellites occasions a nutation in their axes, and a 
piccosBion of their equinoxes 1 similar to that which 
obtains in tho terrestrial spheroid, fVom tho attraction 
of the sun and moon on the prominent matter at tho 
equator. Jupiter revolves in loss than ton hours about 
an axis at right angles to certain dark belts, or bands, 
which always orose his equator. This rapid lolation 
occasions a vory groat compression in his form. His 
equatorial axis exceeds his polar axis by 6000 miles, 
whereas tlio difference in those of the earth is only about 
twonty-Bix and a half It is an ovidont consequence of 
Kepler's law of the squaies of tho periodic times of tho 
planets being as the cubes of tho major axes of tliolr 
orbits, that the heavenly bodies movo slowor tlio farther 
thoy are from tho sun In comparing the periods of 
tile revolutions of Jupiter and Saturn with tho times of 
their rotation, it appears that a year of Jupitor contains 
I Nolo itf. 
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neaily ten thousand of his days, mid ^rttuin 

about thirty thousand Saturnian days 

The appcarsiico of Saturn n uupni nIU'K'd m flic* 
system of the world IIo is it splioioitl itearly KICK) 
times largci than the caith, suiioumled by a imp; oven 
hughter than himself, -winch always rental' 1R kuh|»ou<Un 1 
in the plane of his equaloi , ftfldj viewed with ft veuy 
good telescope, it is found to consist of two court'll l) lu 
rings, divided by a dark hand The mcim dUtmici* uf 
the interim pint of tins double nng horn tho aiuIuc*!* of 
the planet ib about 22,240 miles, H m no k«n (linn 
33,360 miles broad, but, by the estimation of Sii 4i>lm 
Ilerschel, Its thickness does not much excetul IOOduIoh, 
bo that it appears like a plane* By thoInwH of mechanic#*, 
it is impossible that this body can letaln ita position I>y 
the adhesion of its particles alone. It inuat noccfluiu ily 
rovolve with a velocity tliat will genoiato a troll trthitfnl 
force sufficient to balance the at ti action of Saturn. OJj— 
seivation confirms the truth of those principles* jdiowtnjaf 
that tho rings lotatc about the pinna t in ton Jiouie ftlid n 
half, winch is considerably less than tho llmu a wUollIto 
would take to i evolve about Satmn at the smug dis- 
tance. Their piano la inclined to tho ecliptic, at nr* 
angle of 28° 39' 45", and, in consequence of ill In 
obliquity of position, they always appeal elliptical to U«* 
but with on oxoentucity so vanablo, na oven la be occa*- 
sionally like a straight kna diawn aciosa tho plnntiL In 
the beginning of Ootoboi, 1832, tho piano of tho lings 
passed through tho centre of the earth, - in that pusllfon 
they aie only visible with veiy aupeiloi inair union la, 
and appear like a fine hno across tho disc of Saturn. 
About the middle of December, m the samo your, tho 
rings become invisible, with ordinary instruments, on 
account of their plane passing through tho sun* In tho 
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end of Apnl, 1833, the lings vamslied a second time, 
and lc-nppcaicd m Juno of that year 

It is a singular icbuU of tlicoiy, that the nuga could 
not maintain thoir stability of rotation if they worn 
every whero of uniform thickness , for tho smallest dia- 
tuihancc would destioy tho equilibrium, which would 
hocomo moie and moio deiangcd, till, at last, thoy 
would bo pi capitated oil tho sm face of tlic planet* Tho 
lings of Satin n must theicfoio bo mcgular solids, of 
unequal bicadtli m diffcicnfc paits of the oncumforcnco, 
so that their contics of giAYity do not coincide with tho 
con tree of then figures Professm Stiuve lias oIbo diB- 
coveiod that tho cmitio of tho ling is not coiiccnlno 
with the centre of Saturn, The intorval between tho 
outei edge of the globe of tho planet, and tho outer 
edge of tho ring on one side, is II" 073, and, on tho 
otlioi Bide, tho interval is 11" 288, consequently them 
is an excoutucity of tho globo m the ring of 
If tho nnge obeyed dlffbiont forceB, they would not 
lomain in tho samo piano, but tho powerful ath action 
of Saturn always maintains thorn and Ins satellites in 
tho piano of his equator. Tho rings, by then mutual 
action, and that of tho sun and satellites, must oscillate 
about die contro of Saturn, and produce phenomena of 
light and shadow whoso penods extend to many yoais, 
Tho periods of rotation of tho moon and the other 
satellites are equal to tho tmufeof their i evolutions, 
consequently these bodies always turn tho samo faco to 
thoir primaries. IIowoYor, ob tho moan motion of tlio 
moon is subject to a secular inequality, which will ulti- 
mately amount to many on cumfei cnccs if thd rotation 
of tho moon were perfectly unifonn, and not aflbeted 
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by the same inequalities, it won Ul eonso oxfiolly to 
counterbalance the motion of revolution j raid tlio moon, 
in tlie course of ages, would successively niwl pfirttliuilly 
discover eveiy point of hei suifaco to tho oarlh. Hut 
theory proves that Una nevci can Happen ^ i° r Hm> 
rotation of the moon, though It does not pnrtfikc of tho 
periodic inequalities of hoi revolution,, ia afflicted by tho 
same secular variations, so that hor motions of lOtntlon 
and revolution round the caitli will nlwnyn, balance each 
other, and leroain equal This circumstnnco mJBCfl from 
the form of the lunar sphenoid, which hns tlireo prln* 
cipal axes of different lengths at right nnglcfl to each 
other 

The moon is flattened at her polos fiom Iier conliL 
fugal force, therefore her polai axis is tho IchbL. Tho 
other two are in the plane of hor cqimtoij but that 
directed towards the earth ib tho greatest* 1 Tho at- 
traction of the earth, as if it had drawn out that purl of 
the moon's equator, constantly brings tho groatcut axis, 
and consequently the aamo homisphoio, townidu us, 
which makes her rotation paiticlpato hi tlio secular 
venations in hei mean motion of revolution* 3Cvc?n If 
the angular velocities of rotation and i evolution had not 
been nicely balanced In tlio beginning of the moon’s 
motion, tho attraction of the earth would lmvo recalled 
the greatest am to tlio dncction of tho lino Joining tlio 
centres of the moon and caitli ; bo that it would h ate 
vibrated on each side of that line, in tho (mine manner 
as a pendulum oscillates 0 n each aide of tho vorUcsl 
from the influence of gravitation. No such llbratlon j« 
perceptible , and as die smallest (llstui banco would 
ma e it evident, it is clem that, if tlio moon Juts aver 
been touched by a comot, tho mass of tho lattor )nu«l 

1 Nolo 157 1 
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have boon exlicmoly sirmll If it had been only tbo 
bundled thousandth part of that of the caitli, it would 
have rendered tlio hbiation bonsiblo, Accoiding to 
analysis, a similar lihiation exists in the motions of 
Jupiter's satellites, winch still lcmanis inBcnsiblo to ob- 
semtion. 

It is tiuo the moon is liable to Ulnations depending 
upon the position of the spectator. At hoi usings pait 
of tho western edge of her diBc is vleiblo, which is 
invisible at hor setting, and tho continiy takes place 
with regai d to her eastern edgo. Thero nio oIbo hbin- 
tions ariBing from tho lolativo positions of the eailh and 
moon in thoir respective orbits, but as they aio only 
optical appeal nncca, one hoitnaphcio will bo etenmlly 
concealed fVom tho caitli. Foi tho same icason, tho 
earth, which must be so splendid an object to ono lunar 
hemisphere, will he for ever i oiled from Lho othoi. On 
account of these circumstances, tlio remoter hemisphere 
of the moon has its day a fortnight long, and a night of 
the same duration, not even enlightened by a moon, 
while tho favoured side is illuminated by tlio 1 ejection 
of tho earth during its long night. A planet exhibiting 
a surface thiitccn times Iargoi than til at of tbo moon, 
with all the varieties of clouds, land, and watci coming 
successively into view, must bo a splendid object to a 
lunar tiavellor in a joumoy to his antipodos, The gieat 
height of the lunar mountains probably has a consider- 
able influence on tho phenomena of her motion, lho 
moic so ns hci completion is small, and her mass con- 
sidoiablo In tlio curve passing thiough tlio poles, and 
that diameter of tlio moon which always points to tlio 
caitli, natme lias furnished a poimanent inoudinn, to 
which the different spots on liei smfacc havo been jc- 
ferred, and their positions arc do ter mined with as much 
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accuiacy, rs those of many of tlio moBt lomaikablc 
places on the surface of oui globe. 

The distance and minuteness of Jupiter’s satellites 
render it extremely difficult to ascertain then rotation. 
It was, howevei, accomplished by Sir William Ilcr* 
sohel fiom their lelative bnglitncsf, no ohscivcd that 
they alternately exceed each other in biilliancy, and, by 
comparing the maxima and minima of then illumin- 
ation with then positions 1 datively to tlio sun and to 
their pnmai y, he found that, like the moon, tho time of 
their lotation is equal to tlio period of their 1 evolution 
about Jupiter, Miraldi was led to tlio siuno conclusion 
with legal d to tlio forntli satellite, fiom tlio motion of a 
spot on ita suiface. 
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SECTION X. 


ROTATION 01 T1J«> ARTI! 1NV UIIAHF 1\~- <P) CRFA8F INTHF FAnTllN 
MIAN TniriHATlfR* — FARTII ORIClINATIY IN A TTATl O* 

I UilON. — IKNGTJl 0> 1>A^ LONBfANT — LFCR] A8F 01 TFM- 

miAfURK AioniniD jiy bir John jifuhiiil 10 tjif varia- 
tion IN Till F^ClNlBICin OV TILP iPRHFBrRlAL oRun — - 
mtPl RFNCr IN TICK TJ UFFRAJ IfRF 01 Till TWO 111 illBlIU Rl q f 
FRI10N10U8I\ A10RI1FD 10 TIIF FT(Mfl IN rilF riNGril oi 
SPRING AND SUMMFK IN1U1 80UTHFRN 11 PlllSPir* UK , AlfRI- 
m/lFD BY MR. I'VRIT TO Till OrNRAllON OP ) XlBllSQ 0AU1>P 
- — TlIHFf rUlNCIPAL ATFI Ot ROTATION, — POSITION Or llTF 
AMfl OF ROTATION ON TIIF SUillACF OP TIIF FARTH 1NVAUI- 
ABIK. — OOPAN NOT BUIFICJFNTTO HI SfORF TUP FQUII IUftIU>t 
01 TIIF FAUTir IF UKRANOFI). — ITS IIFNMTY ANN >11 AN 

uitmr, — intbunai structurf oi tiif barth, 

Tjid rotation of the cartlij which determine* tho length 
of tho tiny, may ho lcgaided ns ono of tlio moat impoit- 
ant elements In tlio Byatom of tlio woild. It serves ns a 
measure of lime, mid foims the Blamlard of comparison 
for tho loYolutlons of tlio celestial bodios, which, by thoii 
proportional incroaso or decrease, would boon discloeo 
any changes It might sustain, Theory and obseivntion 
concur in pioylng that, among tho innumcmblo viciasi- 
tudoB which prevail throughout creation, tlio pciiod of the 
earth's diurnal rotation la immutable, Tho water of 
rivors, falling from a higher to a lower level, carries with 
it the velocity duo to its 10 volution with tlio earth, at a 
gieator distance from tlio ccnlro, it will thoreforo nccc- 
loifttc, although to an almost inflnitcflminl extent, the 
earth's daily lotation. Tho sum of all llicso hiucmenlB of 
yoloeity, arising from tho doscont of all the rivers on tlio 
earth’s Burfneo, would m time become perceptible, dltl 
not nnUne, by tho piocosa of evaporation, rnlao tho 
o 3 
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waters bach to their bouicos, and thus, by again lcmov- 
mg mattoi to a greater tb stance from tlio centic, destroy 
the velooity generated by its piovions nppioaoh ; bo that 
the descent of uveia does not affect tho eaith's rotation. 
.Enoimoua mosses piojeoted by volcanos ftom the equa- 
tor to the poles, and file conti my, would, indeed, a fleet 
it, but there is no evidence of such convulsions The 
disturbing action of tlio moon and planets, which has so 
poweifhl an effect on the revolution of tlio eaitli, m no 
way influences its rotation. Tho constant friction of 
the tiade-winds on the mountains and continents be, 
tween tlio tropics does not Jmpedo Its velocity, win cl i 
theory oven proves to be the same, as if the sea together 
with the earth, foi med one solid mass. Hut although 
these circumstances be mofllcLont, a vnuation m tlio 
mean temperature would certainly occasion a conc- 
sponding change m the velocity of rotation* In tho son 
cnce of dynamics, it is a punciplo in a system of bodies, 
or of pai tides revolving about a fixed centre, that tho 
momentum, 01 sum of the pioducts of tho mass of each 
into its angulni velocity and distance fiom the coil tie, la 
a constant quantity, if tlio system he not doiangod by a 
foreign cause Now, since tho number of pm tides in 
the system is the same, whfttovcr Its tempoiatuio may 
bo, when thou distances from tlio contro mo diminished, 
their angnlai velocity must bo increased, m oulcv that 
tile preceding quantity may still romain constant It 
follows then, that, as tho primitive momentum of l ci- 
tation with which tho emth was projected into spaeo 
must necessailly romain the same, tho smallost decrease 
in heat, by contracting tho tonostrial spheroid, would 
accelerate its rotation, and consequently diminish tlio 
length of tho day* Notwithstanding tho constant acces- 
sion of heat from the sun's rays, geologist* have boon 
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induced to believe, from the fossil remains, that iho 
mean tcmpciatuio of the globe is deceasing. 

Tim high tompciaturc of mines, hot spungs, tm([ f 
above all, the internal flies which have pioduccd and do 
b till occasion such devastation on otu planet, indicate an 
augmentation of liont towauls its ccntic. The lnoicabo 
of density, couesponding to the depth and tlio fotm of 
tlio spheioid, being what tlicoiy assigns to a fluid mass 
in rotation, conoui to induce the idea that iho tcmpoia- 
turo of die earth was originally so high, as to icduco all 
the substances of which it is composed to a stato of fu- 
sion, 01 of vapoui, and that In tho course of ages. It 
lias cooled down to its piosont Btnto, that it ib still be- 
coming coldoi, and that It will continue to do so, till iho 
■wholo mass arrives at tho tempciaturo of the medium in 
which it is placed, or, rathor, at a atato of equilibrium 
bctwcon this tcmperatuio, tho cooling powci of ita own 
radiation, and tho licalmg ofibot of tho sun’s iaya 

Tiovious to tlio foimation of ico at tlio poles, the mi- 
eient lands of northern latitudes might, no doubt, liavo 
been capable of producing those tioplcnl plants piosoivod 
rn tho coal measures, if indeed such plants could 
ilouuah without the intense light of a tiopical sun, 
But, ovGti if the doGioaaing tcmpomtmo of tho oarth lx> 
sufficient to pioduco tho ohsorvod offects, it must bo ox* 
tiomcly alow in its operation; foi, 111 consequence of lha 
rotation of tho eaith being a measure of tho ponoda oj 
the celestial motioiiB, it has been pioyed that, if U10 
length of tlio day had deci cased by tho three thou- 
sandth pait of a bccond since tlio observations of llip*. 
paioliua two thousand yens ago, it would Jiavo thmi- 
mshod the scculai equation of tlio moon by It ib 

thciofoio beyond a doubt that tho mean tompeintmo of 
o 4 
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the earth cannot have sensibly vaned dunng that time. 
If, tbon, tho appearances exhibited by iho stiata aio 
Really owing to a decrease of internal tempcratuio, it 
eithei shows tho immense periods loquisito to pioducc 
geological changes, to which two thousand years arc as 
nothing, or that the mean tcmpcmtmo of tho earth had 
oi lived at a state of equilibrium before these obaciY.. 
ations. 

llowevor strong the indications of tho pnmitivo flu 
idityof tho emth, as there is no direct pi oof of it, the hy* 
pothesis can only bo regarded as Yciy piobablc. But 
one of the most profound plnloaopheis and ©logon t 
writcis of modem times, has found in the seculai van- 
ation of the oxcentricity of tho tcuestnal mbit, an 
evident cause of decreasing temper a Lino That accom- 
plished author, in pointing out tho mutual dependences 
of phenomena, says, <( It is evidont that tho mean tem- 
poi atm e of tho whole surface of tho globo, in so far ns 
it is maintained hy the action of the sun at a higher 
degico than it would have wore the sun extinguished, 
must depend on tlio mean quantity of tho aim's lays 
which it rccoivcs, 01 — which comes to tho samo thing 
— on the total quantity rocoiyed In a given invaiiablo 
time ; and the length of the yeai being unchangeable m 
all tile fluctuations of tho planetary system, it follows 
that the total amount of solar radiation will detoimiuo, 
catei is pai ibus, the general climafco of the earth Now, 
it is not difficult to show that ting amount is inversely 
proportional to tho minor axis of tho ellipso dcsciibcd 
by tlie earth about tho suni, rogarded as slowly vtui- 
abk ) arid that, therefore, die major axis remaining, as 
wejknow it to be, constant, and the orbit being actually 
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in a state of approach to a circle, and consequently tho 
minor a<08 being on tho increase, the mean annual 
amount of solar radiation lccoivcd by the wliolo 
must be actually on tl\o doaease. We have thaofoic* 
an evident real cause to account for tho phenomenon M 
Tho limits of the variation m the oxccntricity of tho 
cai tli’s orbit are unknown* But if its cllipticity lmn 
aver been as gicat as that of tho oibit of Mommy or 
Balias, tho mean tempciaturo of tho caitli must lmvo 
been sensibly higher than it is at present. Whothov it 
wa* great onougb to render our northern climate*, fit f or 
the pioduction of tropical plants, and for tho lesldcnuo 
of tho elephant and other animals now inhabitants of tho 
ton id roiio, it is impossible to say. 

Of the dcoroaao In temperatme of the northern 
homiaplioio, there is abundant evidence in the foH*U 
plants discovered in very high latitudes, which could 
only have existed m a tioplcal climate, and winch must 
have giown near tho spot whore they are found, from 
tho (lelioacy of their structuio and the perfect atato of 
thoir picacivation. Tills cliango of temperature has been 
cnoneously ascribed to an excess m the duiatlon of 
spilng and summor in tho noitheinhemiBphGio, in coil- 
sequence of iho excentucity of tho solar ellipse. Thu 
length of the seasoifa varlos with the position of tho pcii- 
hollon* of the cai th’s oibit, for two reasons On nccoinit 
of tho oxcentncfty, small as it 10, any lino passing tlnough 
tho conti e of tho Bun dividos the toirestrial ellipse into 
two unequal parts, and, hy the laws of elliptical motion, 
tlic cm th move 4 ! tlnougli tluno two poitions wltli unequal 
velocities. Tho ponhohon always lies 111 tlm smallci 
poitiou, and there tho earth's motion is the most mphl. 


‘ Nolo GO 
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In the piesent position of the peiilichon, spiing nntl 
summor, north of the equator exceed by about eight tlftya 
the duiation of tlie same seasons south of it. And 
yeais ago the southern hemisphere enjoyed the advai*** 1 ^ 
*we now possess from the seoulai variation of tho p cl l ** 
hehon. Yet Sir John Ilerachel lias shown, that by thin 
alteration neither hemiapheio acquires any cxccas °t 
light or heat above the othei, foi, although tho oaill* 
is nearer to the sun, whilo moving thiougli that part of 
its orbit in which the perihelion lies than in tho other* 
part, and consequently leoeivcs a gieater quantity oJ7 
light and heat, yet, as it moves faster, it is exposed to tVio 
heat for a shorter time, In the other part of tho ox bit, 
on the contrary, the earth, being farther from tlio MMij 
receives fewei of his rays, hut, because its motion in 
slower it is exposed to them for a longer time. Ami na 
in both coses the quantity of heat and the angular ve- 
locity vary exactly in the same proportion, a perfect 
compohsahou tales place. 1 So that the oxconUlcity oniT 
the earth's oibit has little or no effect on tho lempoi a tin o 
corresponding to the diffeience of the seasons, and none 
whatovei on the geueial mean tempoiaturo of the globe. 

Mr, Lyell, in his excellent worl on Geology, icfoia 
die increased cold of the northern hemisphoio to tho op or-, 
ation of existing causes, with moio piobabllity titan 
mobt theories that have bcon advanoed in solution oiT 
tins difficult subject. Tho loftiest mountains would 
he represented by a grain of sand on a globe bix foot ill 
diameter, and the depth of the ocean by a scratch <m Ita 
surface, Consequently tho gradual elevation of a conti- 
nent or chain of mountains above the surfaco of tho 
ocean, oi then depression below it, is no voiy groat 
event compared with the magnitude of tho oaitli^ anti 
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tho energy of its aubtennnean flies, if tlio &amo pentads 
of time be admitted in tlio progress of goological as m 
astronomical phenomena, which tho bucccssiyo ami y h- 
nous laces of extinct IxungB show to hnyo been im- 
mense Climate is always moie intense in tho mtcuoi 
of continents than in islands 01 sca-conste. An mcicasu 
of land within tho tropica would thcietoio augment the 
gcncial licnt, and an incieaso m tho tompoiatc and 
fngid ssoncB would londoi tho cold more Bovere. Now, 
it appears that most of tho Emopcan, North Asiatic, 
aiul North Amoucan continents and islands, wcio 
raised from tlio deep after tho coal measuies wcio 
foimcd m which the fossil Uopical plants aio found , 
and a variety of geological facts indicate tho oxiatonco 
of nn ancient and extensive aiclnpelago thioughout ihu 
greater part of the northern hcmispherci Mi. Lyell nj 
tlierefoio of opinion, that tho chmato of these ialanda 
must have been sufficiently mild, m consequence of tho 
surrounding ocean, to clothe them with Uopical plants, 
and lender thorn a fit abode foi tho lmgo animals whoso 
fossil remains arc so often found. That tho nrhoten- 
oent ferns and tho palms of those regions, earned by 
streams to tho bottom of tho ocean, woio imbedded m 
tho Btrata winch were by degrees heavod up by tho buI)- 
teiranean flics during a long succession of ages, till tho 
gi cater part of tho noitheni hoinisphcio became diy 
land, q,b it now ib, and that tho consoqucnco hoa boon a 
continual decrease of temporatuic. 

It is evident, from tho marine shells found on tlio 
topB of the lughost moun tains, and in almost oYoiy pail 
of tho globe, that Immense continents hayc been elevated 
above the ocean, which must have cngulphcdothoin. Such 
a catastroplio would bo occasioned by a van all on in the \m+ 
sition of tlio axis of rotation on tho Buifaco of tho enuh; 
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for the seas, tending to a now equator would leave coma 
portions of the globe, and overwhelm othoijJ* Now ; U ih 
found by the laws of mechanics thftb irt °vory to 

its form 01 density what it may, tlioio arc nt least tin or 
axes at right angles to each othei, found any Olio of 
which, if the solid begins to rotalo, it will continue It) 
revolve foi ever, pioyidod it be not ill e» I mbed hy a foicl^n 
c&ube , but that the lotation about any Othci 4 \m will 
only be foi an matant, Consequently tlto jteilort or 
extremities of tlio instantaneous axis of lOLfttion, would 
perpetually change their position on the amfneo of the 
body In an ellipsoid of involution, tlio polar dlmno- 
ter, and eveiy diameter in tlio plane of tlio rrjiMlor, 
tie the only permanent axes of rotation . 1 Tt<mc* , i If Oio 
ellipsoid were to begin to \ evolve about any duimdec 
between the pole and tho equator tlio motion v r ouM ho 
bo unstable, that the axis of rotation and thu poniliou of 
die poles would change eveiy instant* TJicrofoi c, UK tlio 
earth does not difffci much from tide figure, if H did not 
turn round one of its pnmnpol axes, tho position of tho 
poles would change daily , tho equator, which U fll ) 0 dj*- 
fant, would undergo corresponding variations; mid the 
geographical Jatitutlfls of ail places, being citimatod Jrom 
the equator, assumed to l>o fixed, would bo porinHually 
changing 

A displacement in tho position of tho polei of only 
two hundred miles would lie sufficient U) produce thews 
o/Fecfs, and would immediately ho detoctcd, But* u tiro 
latitudes sro found to bo mvanabro^it may bo concluded 
that the terrefltual apheioidmust have lovolvod about tho 
#sme axis foi ages The oar til an cl planet* djflbr w 
httie from ellipsoids of evolution, that, in all probability, 
any fibradons from one axis to another, pioducoil by tlio 
' 1 Nolo 140. 
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Besides, it is clear, from the rnenBuration of the ^ 

the meridian, and the length of the soconda I 10111 
a8 well as from die lunar theory,, that the in torn ft V ** ™ J 
and also the external outline of th° globo, ftto ell X* 1 
their centres being coincident, and then nxe0 m * 

with that of the surface, — a bMq of tilings 1 C ,J 
according to the distinguished author lately quotctlj * 
compatible with a subsequent accommodation of tl* 4 * l J lrH 
face to a new and different state of rotation, Ao in U ' Kl 
which detei mined tlie original distribution of tli^ 31 com- 
ponent matter. Thus, amidat tho mighty revolt* t ° tt * 
which have swept innumerable races of oiganl/cti 
from the earth; which havo elevated plains, and InuUd 
mountains in the ocean, the rotation of tlie cart l ' j ft hil 
the position of the axes on its eurface^ have uiulorgom 4 
hut alight variations. 

The strata of the terrestunl spheroid ftro not only 
concentric and elliptical, but the lnnai incciVinJIllci 
show that they increase in density from tho Ntirfnro 
of the earth to its centre. Tins would ccitainly hare 
happened if the eaith had ongmfllly been flukl* JVm lht> 
denser parts must have subsided towards tho M 

it approached a Btate of equihbiium. 3iut tho oiioi'iunim 
preBsnre of the superincumbent mass la a suffl deli t cnu*u 
for tlie phenomenon. Professor Leslies observe** lliftt 
air, compressed in to the fiftieth part of its volume*, I Wi« h* 
elasticity fifty times augmented If it continue R to cuiu 
tract at that rate, it would, from ita own incinnltfM 
weight, acquire the density of water at tho depth of 
thirty-four miles, But water Iteclf would havo It* den- 
sity doubled at the dopth of ninety- throo mi Ion* unit 
wou Id even attain tho density of quicksilver at J\ slcplh 
of S62 miles, Descending, therefore, toward* the 
centre, through nearly 4000 miles; tlie condemnation of 
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ordinary substances would BUipnBB tlio utmost poweia of 
conception. Dr Young saye that steel would ho com- 
pi eased into one fouith and Btono into ono eighth of ita 
bulk at the earth's centre Tlowover, we mo yet igno- 
rant of tbo laws of completion of solid bodies beyond a 
coitain limit, though, from tho experiments of All Per- 
kins, they appear to bo oapabla of a greater dcgico of 
compi cession than has gonoially been imagined 

But a density so extiemo U not borne out by astrono- 
mical observation It might seem to follow, thoioforo, 
that om planet must have a widoly cnveinoua stiuctmo, 
and that wo tread on a cruet oi shell whoso tlncknoBfl 
bears a Yory small proportion to tho diameter of its 
splieio. Possibly, too, tine great condensation nt tho 
central legions may bo counterbalanced by the inoi cased 
elasticity due to a voiy elevated tempo atm c. 
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PRECESSION AND NUTATION, ■ — THEIR FFTKCTS ON Till- AI*P UlENJ? 
TI AOE8 01 TUh. TIXED STAlUf, 


It has been elio^m that the axis of lotation is invariable 
on the smfaco of the earth, and observation, as well as 
theory prove, that were it not foi the action of the sun 
and moon on the matter at the equator, it would lemoin 
exactly parallel to itself in oveiy point of ita oibit 
The attraction of on exteind body not only dinws a 
spheroid towards it, but, as the foice Yaues mvcisoly as 
tho squaio of the distance, it gives it a motion about its 
centre of gravity, unless when the a tti acting body is ai- 
tuate in the pi elongation of one of the axea of tho sphe- 
roid The plane of the equatoi 10 inclined to the piano 
of tho ecliptic at an angle of 23° 27' 39® 26 ; and tho 
inclination of tho lunai orbit on the same is 5° 8' 47 " >Q 
Consequently, from the oblate figure of the earth, the 
sun and moon, acting obliquely and unequally on tho 
diffbicnt parts of the teirestnal spheroid, mgo tho plane 
of the equator from its direction, and foico it to inoYo 
fiom east to west, so that the equinoctial points ImYO a 
slow lotrograde motion on tho pinna of the ecliptic of 
G0 /,% 41 annually. The direct tendency of this action is 
to make tho planes of tho equator and ecliptic coincide, 
but it is balanced by tho tendency of tlio onrth to return 
to Btable rotation about the polar diamctci, which 1a 0110 
of its puncipal axes of lotation, Thoicforo tho in- 
clination of the two planes lemaln a constant, as a top 
spinning preseivoa the same inclination to tho piano of 
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tho horizon Weic the caith spheucal, this offbct 
would not ho produced, and tho equinoxes would 
aluays coriespoml with the same points of tho ecliptic, 
at least as fai as this land of motion is concerned* But 
nnothci and totally diffcicnt cau&o wluoh operates. on. 
this motion has alieady been mentioned The action of 
tho planets on ono another and on tho sun, occasions n 
vciy slow vauation in the position of the plane of the 
ecliptic, ninth affects its inclination to the piano of tho 
equator, and gives tho equinoctial points a slow but du 
lcct motion on the ecliptic of 0"*31 annually, which is 
cntiiely independent of the flgmo of the earth, and 
would ho tho same if it wcio ft sphcio. Thus the sun mid 
moon, by moving tho plane of tho equator, cause tho 
equinoctial points to ictioginde on tho ecliptic ; aiul tho 
planets, by moving tho piano of the ooliptio, give thorn 
a direct motion, though much leas than tho fonnor. 
Consequently, tho difference of tho two is the menu 
pieccswon, winch is piovcd, both by thcoiy andobseiY- 
ation, to bo about 50"*1 annually * 

As tho longitudes of all the fixed etnus aie mci eased 
by tins quantity, tho effbots of procession aie soon de- 
tected, It was accordingly diBcovoicd by Hipparchus, 
m the year 128 bofoic Clmsfc, hom a companion of 
lua own obsoi vations witli tlioso of Timoclmus, 
ycaia hofoic In tho limo of Hipparchus, tho entiauco 
of the mm into the constellation Anea was the beginning 
of spring, but since that time tho equinoctial points have 
receded 30°, bo that the constcllatione called tho signs 
of the zodiac mo now at a consuleiablo distance fiom 
those divisions of tlio ecliptic winch beai then names, 
Moving at tho into of 50"* 1 annually, the equinoctial 
points will accomplish a i evolution m 25,8(i8 yeaia, 

i Nolo 111 
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But as the precession Yanas m different con tun ea, the 
extent of this period will he slightly modified. Since 
the motion of the sun is direct, and that of the equi- 
noctial points retrograde, ho takes a shortei time to ic- 
turn to the equatoi than to aruve at the same stais, so 
that the tropical year of S65 d 5 U 48 m 49* 2 must ho 
incicased by the tune ha taheB to move tluough an arp 
of 50 w, l, in oi dor to have tho length of the bidoienl 
year* The timo leqmicd ib 20' 20" 4, so that tho 
sidereal year contains 3G5<* 6h 9 m ga.g mC an solar days 

The mean annual precession is Biibjcct to a secular 
Yauation ; for, although the change m the piano of tho 
ecliptic, in which the oibit of tlio buh lies, be inde- 
pendent of the foira of the caith, yet, by bringing tho 
sun, moon, and oaitli into different lelativo positions^ 
fiom ago to age, it alters the dnect action of tho two 
fhst on the piomment matter at the equatoi » on tins 
nocount, the motion of tho equinox ia greatei hy 
now than it was in the time of Ilippaichus Conse- 
quently, the actual length of tho tropical ycai is about 
4 B 21 shoiter than it was at that time The utmoBt 
oliango that it can experience from this causa amounts 
to 43 seconds, 

Such ia the secular motion of tho equinoxes, But it 
ib sometimes incioased and sometimes diminished by 
pouodic variations, whose periods depend upon tho re- 
lative positions of tho erun and moon with legal d to the 
earth, nnd which are occasioned by tho direct action of 
these bodies oil the equator. Di. Biadlpy discovered 
that by this aotion the moon causes tho polo of tho 
equator to describe a small ellipse in tho heavens, tho 
diameters of which are 18' A 0 and 1S"‘74, tho longoi 
being directed towards the pole of the oehptic. Tho 
period of this inequality is about 19 yoais, tho tlmo 
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employed by the nodes of tlie lunar orbit to accomplish 
a revolution. The aun causes a small variation in the 
dosciiption of this ellipse, it rune tlnough its penod in 
half a yeai Since the whole cnrtli obeys these motions, 
they affect the position of its axis of lotalion with 
regard to tho stony heavens, though not with regaid to 
tlie am face of tho earth, foi, in consequence oi pie- 
cession alone, the pole of the equator moves m a cnclc 
mind live polo of the ecliptic in £5,868 ycais, and by 
nutation alone it dcacnbeaa small ellipse in the liemena 
evciy If) yenia, on each sido of which it deviates 
every half yeai fiom tho action of the sun. The leal 
cui vo tifleed in tho stauy heavens by the lmngmaiy 
prolongation of tho emllis avis is compounded of these 
tlueo motions. 1 Tins nutation in the earth's axm nf- 
fccta both tlio picccsslon and obliquity, witli small 
pci Iodic vauations But, m consequence of the seoul ai 
variation in tho portion of tho terrestrial oibit, win eh 
is chiefly owing to the distmbwg enoigy of Jupitei 
on tho oaitlij the obliquity of the ecliptic is annually 
diminished accoidlng to M. Bessel, by 0 1f 457 Tina 
vaiialion in tlio comae of ages may Amount to 10 oi 
11 dcgiecs; but tho obUquity of the ecliptic to tho 
equator can never vaiy more them £° 4S' oi 3°, since 
t)io oquatoi will follow in soma measure tlio motion of 
tho ochptiu 

It 16 cvulont that tlio places of all the celestial bodies 
aie affected by pi occasion and nutation. Then longi- 
tudes, estimated fiom tho equinox, are augmented by 
picccbuion j but as it affects all tlio bodies equally, it 
makes no change in thou relative positions. Both tho 
celestial latitudes and longitudes me altered to a ainnU 
degiec by nutation, honcc all obaoivatione muat be ecu- 
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rcoted for these inequalities. In consequence of tins loal 
motion in tlie earth's a>a8, the polo atai, foimmg pnit of 
the constellation of the Little Beni, which was foimeily 
12° from the celestial pole, is now within 1° M' of it, 
and will continue to approach it till it is witlun -J 0 , 
after which it will leticat from tlio pole foi ages , and 
12,000 years hence, the star » Lyioe will como within 
5° of the celestial pole, and become the polar stai ot 
the northern heraisphoie 
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SECTION XII 

MEAN AND AlTAFlNI Mn-ERFAli TIME. BtFiN AND ArrAR> Nl 

SOTAHTIMI EQUATION Or 1IMF — •FHaTlSll AND 1 IlFNt.lI 

BUBmvjaioha or time. — timp-yfar — Christian fra *— 

mUINQCTlAr JIMI — REBIAUrARI? FRAfl DRFFNPlha UPON 
Tia lOfUION 01 THE BQLAft F> RIUFN — 1NEQUAIHY OF TITI 
IKNGTII8 OF ant J,r\80N8 INIlir TWO HFJUgpnERFB — AF- 
iriCAUONor astro noju to chronoiogy — yNonsu and 
IUMNCJI 6TANOARPB 01 WFIOHTfl AND MEASURES 

Asthonomy lias bccm of immediate and essential ubo in 
affording invariable standards for measiuing dumlion, 
distance, magnitude, and voloalty The mean sidereal 
day, measured by the timo elapsed between two conse. 
outivo tiansits of any atai at tho same meridian, and the 
mean sidereal year, which is the time included between 
two consecutive lotmne of the sun to the same star, aro 
immutable units with winch all great periods of time 
ftio corapaied, tho osoiJlfltionB of tlic lBOclironouB pen- 
dulum measure its smaller portions By these iiiyh^ 
nablo standards- alone, wo can Judge of the slow changes 
that othor elements of the syBtom may have undergone. 
Apparent sulci cal turn, winch is measured by tho 
tiansit of tho equinoctial point at tho meridian of any 
plooo, is a varmblo quantity fiom the effbets of preccfl- 
sion and nutation. Clods showing apparent sideical 
time aio employed foi observation, and hiq bo legu- 
latcd that they indicate 0^ O" 3 0 * at tho instant the 
equinoctial point passes tho mondian of the observatory 
And as timo 1 b a measure of angular motion, tiro clock 
gives tho distances of tlio heavonly bodies from the 
equinox, by obseiving the Instant at which each posses 
li 3 
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the mciuban, and converting the interval into nics at 
the rate of 15° to an hour 

The returns ot the sun to the meridian, and to the 
same equinox or solstice, have boon universally adopted 
as the Tneaeuio of our cml days and yoais Tho solai 
or astronomical day is the time that elapses between 
two consecutive noons or midmghtB, It is consequently 
longer than the sidereal day, on account of tho piopor 
motion of the sun during a revolution of tlio celestial 
sphere But, os the sun moves with gieatei rapidity at 
the winter than at the summer solstice, the astrono- 
mical day is more nearly equal to the sidereal day m 
summer than in winter* The obliquity of the ecliptic 
also affects its duration, for in the equinoxes tho aio of 
the equator is less than the coirespomhng aio of tho 
cohptic, and In the solstices it is greater. 1 Tho astio- 
nomical day is, therefore, diminished in the flist oasO, and 
increased m the second If the sun moved uniformly 
in the equator at tho rate of 59' 8" w 8 eveiy day, tho 
solar days would bo all equal. The time, therofoie, 
which is reckoned by the arrival of an imaginary sun at 
the mendian, or of one which is supposed to move uni- 
formly in the equatoi, is denominated mean solai timo, 
such as is given by clods and watches in common life. 
Whan it is reckoned by tho m rival of tho leal sun at 
the meridian, it is appnient timo, such as is given by 
dials The difference between the time shown by a 
clock and a dial is tha Equation of Time given In the 
Nautical Almanac, sometimes amounting to as much as 
sixteen minutes, Tho apparent and moan time comolde 
four times In the year. 

The astronomical day begins at noon, hut in common 
reckoning the day begins at midnight* In England it 

1 Note 143 
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is divided into twonty-four hours, winch aio counted hy 
twelve and twelve; but m Fiance, astionomois, adopt- 
ing the decimal division, divide tho day into ten houis, 
the hom into ono bundled minutes, and the minute into 
a bundled seconds, because of tho facility in computa- 
tion, and in conformity with tlioir system of weights 
and mcasuies This subdivision is not used in common 
life, noi has it bcon adopted in any othci countiy, nnd 
although some scientific wilteis in Fiance still employ 
that division of time, tho custom is beginning to wear 
out, Tho mean length of the day, though accmately 
doteimmed, is not sufficient for tho pm poses cithci of 
astronomy or cml lifo, Tho tiopical 01 civil year 
of 365 ri 0 h 48 m which is tho timo elapsed bc- 

twcon tlio consecutive lotiuns of tho sun to tho mean 
equinoxes 01 solsficoB, including all tho changes of tho 
aoBBQiiB, is a natuial cyclo pccuhaily suited ior a mon- 
sure of chuation. It is estimated from the winter sol- 
stico, the middlo of the long annual night under tho 
noith pole. But although tho length of tho civil year 
is pointed out by naturo as a measure of long periods, 
the mcommenBui ability that oxists between tho length 
of tho day and tho i evolution of the sun, reiulcis It diffi- 
cult to adjust tho estimation oi both in wliolo numbois, 
If tho lovolution of tho sun wore accomplished in 365 
days, all tho years would he of pieciBcly the same num- 
ber of days, and would begin and ond with the sun at 
tho same point of tho ecliptic, But as the sun's revolu 
tion includes tho fraction of a day, a civil yoai and a 
1 evolution oi the sun have not tho samo duration. 
Since tho fi action is nearly the fomth of a day, in four 
ycais it iB nearly equal to a revolution of tho sun, bo 
that the addition of a Bupornumormy day evory iomth 
year nearly compensates tho difFoicnco. But, in pio- 
jr 4 
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cess of time, furthei collection will be necessary, be- 
cause tlie fmotion 10 less lliAti the fourth of a day In 
factj If n. bissextile be suppressed at the end of tlnco 
out of four centimes, the year so dcteunincd will only 
exceed tlio true yen by an extremely small fraction of a 
day , aiul if, in addition to this, a bissextile bo suppressed 
every 4000 years, the length of the yeai will bo nearly 
equal to that given by observation. Were the fi action 
neglected, the beginning of tlio yeai would piecedo that 
of iho tropical yon, bo that it would rctiogiade tluough 
the diflbienfc seasons m apeuod of about 1507 years. 
The Egyptians estimated the yeai at 3G7 d 6* 1 , by 
which they lost one yeai in evciy 14,(50 1 — then Sothino 
period* They determined the length of their year by 
tlio heliacal using 1 of Sums 2789 years befoie the 
Christian om ; which 1 * the eaiheBt opoch of Egyptian 
chronology Tho division of tlio yeai into months 
is Ydiy old aiul almost umvoisal, But tho period of 
seven days, by far the iuobI peiraancnt division of time, 
and the most ancient monument of astronomical know- 
ledge, wag used by the Diahmins in India, with tho 
samo denomination b employed by us, and was alike 
found m the calendula of the Jews, Egyptians, Aiabs, 
and Asayuane It lias survived tlio fall of cmpneB, and 
has existed among nil successive gemmations, a proof of 
their common oilgin, 

Tho day of the now moon immediately following tho 
waiter solstice in Iho 707th year of Rome was mado 
tlio 1b t of January of tho first year of JuIIub Ctesar. 
Tlio 25 th of Dccomlxn of hie foity fifth year is consi- 
dered a b the dato of Christ's nativity ; and tho foity- 
ilxth year of the Julian Calendar is nraumotl to b* tho 
first of our era* Tho preceding yoar is called tho first 
1 NotolH 
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year before Clu 1st by clnonologlsts, but by nshonomera 
it is called the yeai 0. The nstionomical ycai begins 
on the 31st of Deccmboi, at noon; and tho date of an 
obaeiYfttion cxpi esses the days and boms which have 
actually elapsed since that tune. 

Since bdni and sidereal tune me estimated from the 
passage of tho sun and the equinoctial point across th 0 
mondial! of each place, an event which happened atono 
and the same instant of absolute time, is ircoidcd at 
differ out places as having happened ntdiflbient times , 
which is obvious, when it is consideicd that while it is 
noon at ono part of the globe, it is midnight atanothor 
diametrically opposite to it Thcieforo, when observ- 
ations made at different places aio to bo compaicd, thoy 
must bo reduced by computation to what they would 
lmve been had thoy been made under the tamo meri- 
dian To obviate this, it was pioposed by Sn John 
Ileischol to employ mean equinoctial timo, which is tho 
aamo for all tho world, and independent alike of local 
cncumslancos and inequalities in the suns motion It 
is tlio timo elapsed fiom tho instant thq mean sun enters 
the mean vernal equinox, and is reckoned in mean solar 
days and paita of a day. 

Somo remarkable astronomical eias me dotci mined 
by tho position of the major axis of the solai ollipbC, 
which depends upon the dnect motion of the pongee 1 
and the procession of the equinoxes conjointly, the an- 
nual motion of the ono being 11° '8, and that of the 
otlioi 50* 1 Ilenco tho axis, moving at the rate of 
6 1*' *9 annually, accomplishes a tropical involution in 
209S 7 yems It coincided with tho lino of tho oquw 
noxes 4000 or 4089 yearn bcioio the Cln is ti an era, 
much about the time cluonologists assign for tho ere* 
; Noto 100 
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No cn cum stance in tlm whole science of oationoray 
ex ci tee a deeper in tor eat than Us application to chiono- 
logy, “ Whole nations,” says La Place, (f have been 
swept fiom tlio earth, with thoh languages, sits, and 
sciences, leaving hut confused masses of iuiub to maik 
the place where mighty cities stood ; thoir liiBtoiy, with 
the exception of a few doubtful tiaditions, haspeuahed , 
but tho pci ice t ion of then astronomical obseiyations 
naaiks then high antiquity, fixes the periods of their 
oxistenco, mid proves that, oven at that c&rly tunc, 
they must have made considoiablo pa ogress 111 Bcienco n 
The ancient stato of the heavens may now be computed 
with gioat accuracy , and by comparing tho results of 
computation with ancient Gbsciyations, tho exact period 
at which they were vnado, may he verified if tiuo, or, if 
false, their on or may ho detected, If the date he seen* 
rate, and tho observation good, it will vonfy the accuracy 
of modern tables and will show to how many centimes 
they may be extended, without tho fear of error A fow 
examples will show tlio importance of the subject. 

At the solstices tlio &un is at his greatest distance 
from tlio equator, consequently his declination at these 
times is equal to the obliquity of the ecliptic *, which, 
formerly, waa determined from die meridian length 
of the shallow of the aide of a dial on the day of tho 
solstice. Tho lengtliB of the meridian shadow at tho 
summer and winter eolation are recorded to liavo been 
observed at the city of Layang, in China, 1100 years 
before tho Christian era From these, tho distances of 
tlio Bun from the zenith 3 of tho city of Layang arc 
known. Half tho sum of those zenith distances dotor*. 
mines the latitude, and half their diffbrenco gives tho 
obliquity of tho ecliptic at the period of tho observation j 
1 Note Lia • Noto 147 
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and a a tl* Q 0 f the variation of tho obliquity ib known, 

* 1 time and place of tlio obaoivations liaYO been 

von fle<\ \yy computations from modem tables. Thus 
1 10 Olvi^ege had made some advances in the soicnco of 
astro no^y at period Their whole cluono-. 

logy la, founded on tlio observation of eclipses, which 
prove tl i e existence of that empire for moro than 4700 
years, 'Phe epoch of the lunai tables of the Indians, 
BU Pl >0 HecT by Bailly to be 3000 years before the Chris- 
tian -was proved by La Place, fiom tho accclciation 

of tilts moon, not to be moie ancient than tlio time of 
Ptolemy^ ivho hved m the second century nftei it. The 
gremt inequality of Jupiter and Saturn, whoso cycle 
' embraces 91 8 yenis, is peculiarly fitted for mftikmg tho 
civiliacLtion of a people The Indians bad dctennuicd 
tlio mean motions of these two planeta in that pait of 
their periods, when theappaiont mean motion of Saturn 
was at tlie slowest, and that of Jupiter tlio moat rapid 
The periods in which that happened was 3102 years 
hoforo tlio ChriBtian era, and the year 14[)1 altci it. 
Tlio returns of comets to thou penhelm may possibly 
mark tl*e piesent state of RBtionomy to futuie ages. 

Tire places of the fixed stars are affected by tho pio- 
cession of the equinoxes, and ns tlio law of thnt van- 
ation Is known, tlion positions at any timo inay bo 
computed. Now Eudoxus, a contempoiaiy ol Pinto, 
mentions a alai situato in tho pole of tho equator, and it 
appear s from computation, that k Draconis was not very 
far from that place about 3000 years ago ; but aa it is 
only about 2150 years since Eudoxus lived, lio must 
have described an anterior stato of tlio heavens, supposed 
to bo tiro same that was mentioned by Chiron, about tlio 
timo of tile riego of Troy. Every circumstance conours 
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in showing that nalionomy was cultivated in the highest 
ages of miiiquitjr* 

It ib possible that a knowledge ot astionomy mny 
lend to the mtoiprcUUon of lucioglyplucal cluimctciB. 
Astronomical signs are often ioumt on tho ancient 
Egyptian monuments, piobably employed by tho jiuiftt* 
to rceoul dates. TIiq author had occasion to witness nti 
instance of this moat interesting application of astro* 
nomy, m nseci laming tho dale of a papyrus aent from 
Egypt by All. Salt, in tho lucioglyplucal icwarchcs of 
the late Dr, Thomas Young, whose pi o foil ml and varied 
ftcquhoinonU do honour to his counliy and to tho ngo 
in which lm lived, Tho manuscript waa iouiul m a 
mummy-case , it pioYcd to bo a hoioacopo of Iho age of 
l’tolomy, and its antiquity was determined horn tho 
configuration of the heavens at the tmio of ua con- 
struction, 

Tho form of the oaitli Airnislios a standard of weight* 
and incaBUics for tho oidumry puiposca of llfo, as well 
oa for tho dotorminntlon of tho lnnssoa and distances of 
fcho heavenly lilies Tim length of tho pendulum 
vibrating bqcoiicIn of moan solar Umoj In tho latitude of 
London, foims tho BUindard of tho British measme of 
extension, Its length oscillating m vacuo at Iho lorn-, 
poratuio of of Falmmhoit, and reduced to tho level 
of the sea 1 , was determined, by Captain Katcr, to bo 
99T892 inchoa, Tho weight of a cubic inch of walci 
at tlic tompernluro of 62° of Fain cube It, bmomotcr 30 
inches, was also determined i» pails of tho impel ml hoy 
pound, whence a standard both of weight and capacity 
h deduced Tile French have adopted tliamulic, equal 
to S2BOS092 English feet, fin thoh unit of Imoivr 


1 Holt} MS 



1X0 weights aw anUBUnns spot* xii* 

measure, which ib the ten-millionth pait of tliat 
quadrant of the meridian 1 passing through Formenteia 
and Greenwich , the middle of which is neatly in tho 
forty-fifth, degree of latitude, Should the national 
Btnndarda of the two countries be lost in the YiciBmtude 
of human affaire, both may be rccoveied, since they are 
deiiYcrt from natural stnndaids piesuraed to ho invari- 
able* Tho length oi the pendulum would be found 
again with more facility than the m&tre hut aa no 
measuie is mathematically exact, an erroi in the original 
standard may at length become sensible in measuring a 
gieat extent, whereas the enor that must nocessauly 
arise in measuring the quadrant of the mendian Is ten- 
dered totally in sensible by subdivisions, in talcing its 
ten-millionth part. The French have adopted the 
decimal division, not only in time, hut in then degiecB, 
weights, and mensuies, on account of the very great 
facility it affords m computation. It has not been 
adopted by any other people, though nothing jb more 
desirable than that all nations should concur m using 
the same division and standards, not only on account of 
convenience, but as afToidmg a moio definite idea of 
quantity. It ia singular that the decimal division of 
the day, of degrees, weights, and measures, was em- 
ployed in China 4000 years ago ; and that at tho time 
Ibn Jums made Ins observations at Cairo, about die 
year 1 000 of the Christian era, the ArabB wore in the 
habit of employing tho vibrations of tho pendulum in 
their astronomical observations aa a measure of timo. 


l Kota 



beot. xrn. 


THEORY or THE TTDE8. 


Ill 


SECTION XIII. 


XIDLS rOKCFS Til AT PRODUCP THEM. — TUIirB KIN Ha OF 08- 

CIIT ATIONfl IN TUP OOAN Till. BrMlDlimNAL riDHB. 

FlllUNOf iLAf IIDFB — F1BFC18 0I TIIC JJACLlNAlloN or 1HE 
fll/N AND MOON — TUEOll\ INflOl tlCLT\ l WITHOUT ODttFEV- 
ATION — DIIlFfTION OP TUF ill) \T WAVT* — UFIGllT 01 1 IDES. 
— ■'MASS 01 MOON OBTAINED fi ROM HFft ACTION ON UIF alDZS — 
INTJ WHENCE 0E UNDULATIONS — IliroSBlBinTY 01 A UHI- 
VERSAI INUNDATION. OURBFNiB. 


Onh of the most immediate and lemaikable effects of a 
giavitating force external tp the eaitli, is tho alteinato 
n^e and fall of the sin face of the sea twice in the comao 
of a lunar day, or 24 u fiO‘ u 48» of mean solar lime As 
it depends upon the action of the Bun and moon, it la 
classed among astionomical probloma, of which it is by 
far the most difficult, and its explanation the least satia- 
factoiy, Tho form of tho surface of the ocean fn equi- 
librio, when revolving With the eartli round its axis, ib 
an ellipsoid flattened at the poles , but the action of the 
sun and moon, especially of the moon, diBtuibs tlio 
equilibrium of the ocean. If the moon attracted tho 
centre of gravity of the oarth and all its pai tides with 
equal and parallel forcos, tho whole ay stem of the ei nth 
and the waters that cover it would yield to these forcoB 
with a common motion, and the equilibrium of the bcrb 
would remain undisturbed Tlio difference of the lorccB, 
and the inequality of their diiecUons, alone disturb tho 
equilibrium. 

It is pioved by daily exporicnce, as well as by strict 
mathematical reasoning, that if a number of Waves or 
oBoiflations bo excited m a fluid by different forces, each 
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puistiea its course, and lias its effect independently 
the rest Now, in the hdeB thoioaio thieo kinds i> oH 
dilutions, depending on different grubcs, and F 10 * ucing 
then effects independently of each othci, vrtue t may 
therefore be estimated separately 

T*Jio oscillations of tho fiist kind, wldcli are yuiy 
Nmallj aie independent of tho lolation of tho cnttU j 
as they depend upon the motion of tho diatiubintf body 
in ita oibitj they me of long peiiode Tho second hind 
of oscillations depend* upon the lotatiori of the otnib 
theiefcno their pound is nearly a day The oscillation* 
of tha thud kind vmy with an angle equal to twice the 
anguJai jotation of tho caith, and consequently happen 
tmeo an twenty-fom horns 1 The flist flffowl no ptu- 
LhhiIbjl intei eat, and aic extremely small; but the dif- 
ference of two consecutive tides depends upon tho Butonih 
At tlie time of tho soIbUccs, tins chffbionco, wluch ought 
to be very gioat, according to New to ids thcoiy, is hardly 
sensible on om shorn* La Place lias shown ihnt lh 
dfsoi oji an cy arises fiom tlio depth of tlio sea, and dint >f 
tho depth weic umfoim, thcio would bo no diffoicnee hi 
tho consecutive tides but that which is occasioned by 
local circumstances It follows, theiofoio, that tw thin 
diflbrenco ia extremely small, tho soa, consul cmmI in n 
huge extent, must be ncnily of mufoim depth, that !h to 
say, there is a certain moan doptli fiom which this devi- 
ation lo not great. Tho moan doptli ot the P/udflo 
Ocoftn ia supposed to bo about four miles, that ot die 
Aflati tie only threo Fiom the formula! wldcli do tor- 
mina the difffeiencc of tho consecutive tides, it Is nho 
proved, that the pieces sum of die equinoxes, and tho 
nutation of the Garth's axis, are tho some as if tlio ion 
formed one solid mosB with the earth, 
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Oscillations of tho thud kind mo tho semidiurnal 
tides, so icmnihoblc on oiu coasts, They bio occasioned 
by tho combined action of tho sun and moon , but os tho 
effect of each is independent of tho otlici^ they may bo 
considered sopaiately. 

The particles of watoi undei tho moon nio moio 
attracted tlum the centio of gravity of tho emth, m tho 
liivciao iatlo oi tho stjvmio of the distances. Hence thoy 
lmvo a tendency to lcavo tho eaith, but am lotmnod by 
thou giavitation, whjch is dimiiiishc<l by tins tendency. 
On tho contiary, tho moon atti&cts tho centio of tho 
caith moro powei fully than she attiacts tho pai tides of 
wiitor in the hemisplieio opposito to Iioi , so tlmt tho 
earth has a tendency to lcavo the watois* but is leUuucd 
by giavitation, which is again diminished by tins tend- 
ency Tliua tho watoi s immediately undoi tho moon 
aio diawn Aom the caith nt tlio same timo that tho earth 
is diawn fiom thoso which aio diametucally opposito to 
hoi , in both instances pioducmg an elevation of tlio 
ocean of neaily tho same height above the suriaco of 
cquilibiium , for, tho diminution ot tho giavitation of 
tlio paiticlcs in each position is almost tlio same, on ac-. 
count oi tho distance of tho moon boing gicat m com- 
parison of dm radius of tho eaith, Woio tho caith 
oiUholy covoicd by tlio son, tlio wator thus atti acted by 
tho moon would nsBumo tho form of an oblong spheioidj 
whose gi cater axis would point towaule tho moon; sinco 
tho columns of watoi under tho moon and in the (Inac- 
tion diamotucnlly opposito tolici, aioieiuleicd lighter in 
com>crpicnco of tho diminution of then giavitation ; and 
in ordoi to picsci vo the equilibimm, the axes 00° dis- 
tant would bo ahoi toned, The clovalion, on account oi 
tho smallui space to which it is confined, is Lwico as 
great as tho depletion, because the contents of ilia 

i 
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spheroid always remain the same. If the waters were 
capable of &e fuming tho form of equilibrium instan- 
taneously, that ih, the foim of tha spheioid, its summit 
would always point to the moon, notwithstanding the 
eaith’s rotation, Tint on account of then resistance, tlio 
rapid motion produced in them by rotation, prevents 
them fiom assuming at every instant, the foim winch 
the oquilibiium of the forces acting upon them lequnes, 
llenco, on account of the Inertia of the wateiB, if the 
tides bo considered relatively to tho whole earth, and 
open sea, there is a meridian about 30° castwaid of tlio 
moon, where it is always high watei both in the hemi- 
sphere whore tlie moon is,, and in that which is opposite 
On the west side of this circle the tide is flowing, on 
tlie east It 10 ebbing, and on QYOiy pait of the meridian 
At go° distant, it la low water Thu gieafc wave, winch 
follows all the motions of the moon as far ns the rota- 
tion of tlio earth will permit, is modified by the action 
of the sun, tlio efforts of whoso attraction aro 111 ovory 
respect lika thoeo pioducod by tho moon, though greatly 
less In degree Consequently, a similtu wavo, but much 
smaller, laised by the sun, tends to follow Ins motions, 
which at times combines with tlio lunar wavo, ami at 
others opposes it, accoiding to die lolative positions of 
the two himlmulcs; but as the lunar wave ia only modi- 
fied a little by the solar, the tideB must necessarily 
happon twice m a day, since the rotation of the oarth 
brings the same point twice under the ineudinn of the 
'moon In that time, once under lho suporloi, and once 
tmder the inferior, meridian, 

In the semidiurnal tides there aui two phenomena 
particularly to bo distinguished, ono occulting twlco in 
a month, and the other twice in a year 

The first phenomenon is, that tho tides aio much 
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increased m tlio ayzigies, oi at the time of now and full 
moon 1 In both cases the sun aiul moon aio m tlio 
same mendian, foi when the moon is new, they me in 
conjunction, and when she is full, they are m opposition. 
In each of these positions, then action is combmod to 
pioduco tho highest m spring tides uiulei that menthan, 
and the lowest m those points that aio 90° distant It 
is observed that the higjici tlio sea uses in full tido, tho 
lowei it is in tlio ebb. The neap tides take place when 
tlio moon is in qumhntmo, they noitlioi nso so high 
noi sink bo low as tlio spang tides. Tlio spang lidos 
aro much increased when tho moon is in peiigee, 
because she is then n cm oat to tlio ciuth. It is evident 
that tho spung tides must happen twice in a month, 
since in that tune the moon la onco new and once lull 
Tlio second phenomenon m tho tides is tho aug- 
mentation, which ocems at tlio timo of tho equinoxes, 
whon tho sun's declination * za sscro, which lmppons 
twice evciy ycai, The gieatost tides tako place whon a 
now or full moon happens neai the equinoxes wlulo tho 
moon Is in pongee, Tho inclination of the moon's 
oi bit on tho ecliptic is 5° 8 / 47"'9 1 hence, in tho 
equinoxes, tho action of tho moon would ho mci eased 
if her node weio to coincide with her pongee, Foi it is 
clear, that tlio action of tho sun and moon on the ocean 
is most direct and Intense when thoy mo in tho piano 
of the equator, and m the same mondial), and when 
the moon m conjunction oi o])position is at hoi least 
distance fiom the oaith, Tho spiing tides wliich hap- 
pen umlci all those favouiablc cncumatancos must bo 
tlio gi cutest possible. Tlio equinoclial gales often inise 
theso tides to a gicat height Jloshlos these nwunhablo 
variations, thcio aio olhciB mining iiom tho declination 
i Noto Jfll, 9 Nolo iflfl, 
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oi angular distance of tlie sun and moon fiom Uig plane 
of the equatoi, 'which have a gieat influenco on the obb 
and flow of the waters The aun and moon are con* 
tinually making the circuit of the heavena at different 
distances fiom the plane of tho equatoi, on account of 
the obliquity of the ecliptic, and the inclination of the 
lunar oibit The moon takes about twenty-nine days 
and a, half to yaiy through all lici declinations, which 
sometimes extond 28£ degrees on each bkIo of the 
equatoi, while tho sun lequnee neaily 365-}- days to ac- 
complish lna motion fiom tiopio to hopic thiougli about 
degiees , so that their combined motion causes 
great irregularities, and, at times, then attiactivo foices 
counteract each others effects to a ceitain extent , hut, 
on an ayeiage, the mean monthly lango of the moon's 
declination is nearly the same os the annual range of 
tho declination of the sun * consequently, the highest 
tides take place within tho tropics, and tho lowest 
towoids the poles 

Both the hoight and timo of high water are thuspor- 
petually changing, tlieiefore in solving the pioblem, 
it is requued to deleimine the heights to winch tho 
tides rise, the times at which they liappon, and tho 
dally vanations Thorny and obseivation show, that 
each partial tide moieases as the cube of tho apparent 
diameter, 01 of tho parallax of the body winch produces 
it, and that it diminishes as tho square of the oosino of 
tlio decimation > of that body For the gxeater tho 
apparent diameter, tho neai or tho body, and tho more 
intense its action on the sea, but the gi eater tho de- 
clination, the less the action, because it is less dnoct* 

The periodic motions of the wateis of the ocean, on 
the hypothesis of an ellipsoid of revolution entirely 

J Noto IK 
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covered by the sen, aie very far fiom according with 
observation. This miseg fiom the veiy gicat me- 
gulnritics in the surface of the earth, wluch is but pal- 
tially covoied by the Ben, from tile vnucty in the depths 
of the ocean , the manner m which it 10 spiend out on 
the eaitli, tho position and inclination of the shoics, the 
cunonts, and the resistance the watcis meet until 1 
causes it is impossible to estimate, but which modify 
tho oscillations of tho gicat mass of tho ocean, How- 
ever, amidst all these nicgulautics, the obb and flow of 
tho sea maintain aiatio to tbo foices pioduomg thorn 
sufficient to indioato then natuie, and to vetify the law 
of the attiaction of the sun and moon on tho sea, La 
Place observes, that tho investigation of such relations 
between cause and effect, is no loss useful in lialmal 
philosophy than the dncct solution ol pioblcma, cithci 
to piovo tho existence of the causes, 01 to tiacc tho 
laws of then effects Like the thcoiy of probabilities, 
it is a happy supplement to tho lgnoianco and weakness 
of tho human mind. Thus tho pioblom of the tides 
does not admit of a genoial solution, It Is certainly 
necessary to analyse tho genoial phenomena which 
ought to tcanlt fiom tho ath action of tho sun and 
moon, but theso must be collected m each pniticuliu 
case by local observations mollified by tlio extent and 
depth of tho sea, and tho peculiar men instances of tho 
place, 

Since the distmbnig action of the sun nncl mooli can 
only become sensible in a veiy gicat extent ol water, it 
is evident that the Pacific Ocorm ih one of tho puncipnl 
somccfl of om tides Jlnt, 111 consequence of tho iota- 
tion of tho earth, and the inmtni of tho ocean, high 
watei docs not happen till some time aftoi tho mooii'n 
j 3 
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southing 1 The tide laised in that woild of waters is 
transmitted to the Atlantic, from which sea it moves in 
a northerly direction along the coasts of Africa and 
Europe, arriving later and latei at each place Tina 
great wave, howcvei, is modified by the tide raised in 
the Atlantic, which sometimes combines with that fiom 
the Pacific in raising the sea, and sometimes is in op- 
position to it, so that the tides only use in proportion 
to their diffcience This vast combined wave, reflected 
by the shoics of the Atlantic, extending nearly from 
pole to pole, still coming noithwaid, pouis tlnougli tlio 
Irish and British Channels into the North 8 ca, so that 
the tides in our poits are modified hy those of another 
hemisphere. Thus the theory of the tides in each poit, 
both as to thdi height and tho times at wluoh they 
take place, 10 really a matter of experiment, and can 
only bo perfectly determined by the mean of a vd*y 
groat number of observations, including several revolu- 
tions of the moon's nodea, 

The height to which the tides rise is much gi eater 
In narrow channels than in the open sea, on account of 
the obstructions they meet with, The sea is bo pent 
up in the Biitash Channel, that tho tides sometimes 
rise aa much as fifty feet at St Malo, on the coast of 
France ; whereas, on the ehoies of some of the South 
Bea islands, they do not exoeed one or two feet The 
winds have a great influence on the height of tho thleB, 
according aa they conspire with or oppose them. But 
tho actual effbet of the wind in exciting the waves of 
the ocean extends veiy little below the surface Even 
in the most violent storms, the water is probably calm 
at the depth of ninety or a hundred feet, The tidal 
wave of the ocean does not reach the Mediterranean 

1 NoJo 153 
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nor the Baltic, partly bom tholr position and partly 
from the narrowness of the Stzoits of Gibndtar and of 
the Categat, but it ib very perceptible in the lied Sea 
and m Hudson's Bay In high latitudes, whoio tho 
ocean is less ducctly under the influence of the lumin- 
aries, tho use and fall of the sea ia mconsidorablo, so 
that, in all probability, there is no tide at the poles, or 
only a small annual and monthly tide The ebb and 
flow of the sea rue porccptible m livers to a very gicaL 
distance fiom theii estuaries. In the Straits of Fauxis, 
ill the liver of tlio Amazons, more than five bundled 
miles from the sea, tho tides are evident It lcquucs 
so many days foi the tide to ascend this mighty sticnm, 
that the letmmng tides meet a succession of tlioso 
which are coming up , so that eyeiy possible variety 
occuis m Borne part or other of its shoica, both as to 
magnitude and time. It lequncs a vciy wide cxpaUBO 
of watoi to accumulate the impulse of tho Bun and 
moon, so as to lender their influence sensible , on that 
account, the tides in tho Mediterranean and Black Sea 
aie scarcely pciccptible 

These perpetual commotions m the waters aie occa- 
sioned by foiccs that boai a voiy small pioportion to 
terrestrial gravitation the sun's action m laibing tho 
ocean is only - 3 g rrhyTHT 0 & giawtation at tlic oaith'a 
aurfacc, and tho action of die moon is hide moie than 
twice aB much; these foiccs being m tho ratio of I to 
2 35333, when tho sun and moon mo at their moan 
distances from the earth. Fiom this ratio, tiro mass 
of tho moon ib found to be only of that of the earth. 
Ilad tho action of the sun on tho ocean been exactly 
equal to that of tho moon, tlioro would hayo been no 
neap tides, and tho spring tides would have boon of 
twico tho height which tho action of either tho sun 01 
1 4 
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moon would Jmvo pioduccd sepaiately; a phenomenon 
dopencbng upon the interference of the waves 01 undula- 
tions 

A atone plunged into a pool of still water occasions a 
scueaof waves to advance along the surface, though tho 
Watei itself is not earned foiwaid, hut only uses into 
heights atui Win into hollows, each poifcLou of the am- 
face being elevated and depicted in it* tmn Another 
etoue of the Mmc bixc, thvown into tho watci neai the 
that, will occasion a similar act oi widulationB, Then, 
if cm equal and sumhu wave from each stone amye at 
the same spot at tho same tamo, so that tho tlcvation of 
the one exactly coincides with tho elovntion of tho ofchoi, 
thoir united effect will produce a wavo twice the siyo of 
either. But if one ware precedo the other by exactly half 
an undulation, tho elevation of the one will coincide 
with the hollow of the other, and the hollow of tho 
pue with the elevation of tho othm, and tho waves will 
so entirely obliterate one another, that thosmfaco of the 
Wfltei will lomjun smooth and level Hence, if tho 
length of each wavo be represented by 1, they will 
destroy one another at intervals of i, -J, &c , and 
Will combino their effeata nt the Intel yah, 1, 2, 3 , 
&o* It will be found, according to this pnnciple, when 
still water is disturbed by tho fall of two equal atones, 
that there are cei tain lines on its suiface of a hyperboHo 
form, where the watei is smooth in consequence of tho 
waves- obliterating each other; and that the elevation of 
tho water in the adjacent parts oortoaponda to both the 
waves united. 1 Now, m the spung and neap tides, aus* 
lUg from tho combination of the simple aoli-luiiar waves j 
th$ spring tide Is tho joint result of tho combination 
when they coincide in time and place; and the neap 

1 Not* 1W, 
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tide happens when they succeed each other by half nn 
interval bo as to leave only tho effect of tliou difForenco 
sensible. It is thoicfoio evident that, if the ^olar and 
lnnar tides wcio of tho samo holght, there would bo no 
difFeicnce, consequently no neap tides, and tho spilng 
tides would be twico ns high as eithei Bcpaiatelyi In 
tho poit of Batslia, in Tonquin, wheio the tuloa amveby 
two channels, of lengths concsponding to half an intor* 
val, theie is neither high nor low water, on account of tho 
intei fcience of the waves. 

The initial state of die ocean has no influence on tho 
tides, for, wlmtevci its pumitiYO conditions may have 
been, they must soon havo vanished by the faction and 
mobility of the fluid One of tho moat lemnrkablo cir- 
cumstances in the theoiy of the tides is tho assuianco 
that, in consequence of tho density of the sea being only 
one fifth of tho mean density of tho enith, and that tho 
eaith itself moicascs in density towauls the eentio, Iho 
stability of tho equilibnum of the ocean never can bo 
eubveitcd by any physical cause whatever. A genoud 
inundation, ansmg fiom tho incie instability of the ocean, 
is tlieicfoie impossible A vancty of cncumstanccs, 
howovei, tend to pioduco paitial vanations m Ilia equi- 
librium of tho soaa, winch is lestoicd by means of cui* 
rente. Winds, and tho periodical molting of the ico nl 
tho poles, occasion temporal y wntoi-courscs , but by ini 
the most unpoitant causes aio tho conti lfugal foico In- 
duced by tho velocity of the oarth's lotation, and varia- 
tions m the density of tho sea, 

Tho ccntiifugnl foico may bo iceolved into two forces 
— ono perpendicular, and anothei tangent to tho oailli'a 
BUifaco, 1 Tho tangential force, though small, 10 buAL 
cient to make the fluid pai tides within Lho polm dial on 
» Koto m 
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tend towards the equator, and the tendency is much in* 
creased by the immense evaporation in the equatoiial 
legions, from the heat of the sun, which disturbs the 
equilibrium of the ocean. To tins may also be added 
the superior denBity of the waters near the poles, partly 
from their low temperature, and partly from their gia* 
yitation being less diminished by the action of the sun 
and moon, than that of the seas of lowei latitudes In 
consequence of the combination of all these cncum- 
s Unices, two gieat cunents perpetually set fiom each 
pole towaids the equator But, qb they come fiom lati- 
tudes where the rotatoiy motion of the smfaco of tlio 
earth is very much less than it is between the tropicB, 
on account of their inertia, they do not immediately 
acquire the velocity with which the solid part of tho 
earth's surface is 1 evolving at the equatorial regions^ 
from whence it follows tliat, within twonty-flve or 
thirty degrees on each side of the line, the ocean ap- 
pears to have a geneiol motion from east to weal, which 
is much increased by the action of the trade- winds. 
This mighty moss of rushing waters, at about the tenth 
degree of south latitude, is turned towaidB the north* 
west by the coast of Amcnca, iuns thiough the Gul£ of 
Mexico, and, pacing the Straits of Florida at the late 
of five miles an hour, forms the well-known current of 
the Gulf-stream, winch sweeps along the whole coast of 
America, and runs noithward as far as tho bank of 
Newfoundland, whence, heading to the east, it flows 
past tho Azores and Canary Islands, till it joins tho 
great westerly current of the tropics about latitude 21° 
north According to M, de Humboldt, this great cncuit 
of 8800 leagues, which the wateis of the Atlantic are 
perpetually describing between the parallels of eleven and 
forty-thiee degrees of latitude, may be accomplished by 
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any one particle in two yoors anti ten months. Bcsldoa 
tills, thero are branches of the Gulf-stream, winch con- 
vey the fmits, seeds, and a portion of tlio waimth of 
the tropical oil mates, to oui northern shores 

Tho geneial westward motion of the South Sen, 
together with the south polar cunent, produce vailous 
water-courses in tho Pacific and Indian Oceans, nccoid- 
ing ns the one or the other prevails. Tha western set 
of the Paciflo causes cunents to pass on each side of 
Australia, while the polai stieam rushes along tho Pay 
of Bengal, but tile westerly current again becomca 
mostpoweiful towards Ceylon and the Maldives, whence 
it stretches by the extremity of tho Indian peninsula, 
past Madagascar, to the most northern point of tlm 
continent of Africa, where it mingles with the gonoral 
motion of the seas, IccboigB me sometimes drifted as 
fai os the A/orcs from tho north polo, and from tho 
south pole they have come even to the Cape of Good 
Hope, In consequence of the polar ciment, Sir Edward 
Pany was obliged to give up Iub attempt to leach tho 
north pole in the year 1827, because lie found that tho 
field? of ice wero drifting to the south faster than hia 
party could travel over them fo the north. 
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SECTION XIV, 

COHEAIYF AKd RFPUI81TK FORCES ■ — CONfiTTrUTlOK 0* AERI- 
FORM FLUIDS, OF LIQUIDS \ND SOLIDS ■— BFFF( IS 01 OHA- 
V1TVTI0N — INTEASTlOU OR PORFS — MASllCIT* — QASKS 
REDUCED TO TTQUIDfl BY PRFS8URE — IK TJ NSirV 01' Tlir 
COHF&IVE AND REPULSIVE hORDKfl — IM P* C71S OV LOfU SION 

\llNCTRNESS OF THE UITlJlVTB ATOMb Ol MAirVR 

LIMIT/D TlEKUn OF THE ATMOBPIIFHF 1T3F0IVY OT ]>r- 

FINITF PROPORTIONS AND BE7 ATl?F WFlGlIIfl OF ATOMS — 
DR FABADA’i DlftCOYFRIfcJ WITH 1U0AUP TO AUUJUV — 
COMPOSITION OF WATER BY A PI JLTB OF 1IATINA — <CR\S- 

TLLLISVTION — OLEAYAOi. — lSOAlOKPJU'lM MA CTFR LON- 

aiST* OF AT Oitfl OF DFFIN1TF FORM LATHIiAllY AUKAC- 

tiqn 

Tun oscillations of the atmospheie, and itB notion upon 
reys of light coming fiom the heavenly bodies, connect 
the science of astronomy with the equilibiium and 
movements of fluids, and tile lawa of molecnlru attme- 
tion Hitheito, those foiceg have been undo r coneuloi- 
ation winch act upon masses of mattei at sensible 
distances, hut now the effects of such forces imiflt ho 
considered as act at inappreciable distances upon tho 
ultimate atoms of material bodies, winch arc fiu too 
small to be visible by any means lmman mgomuLy 
has yet been able to devise All bodies consist of nn 
assemblage of material particles, hold in eqmlibrio by a 
cohesive force, winch tends to unite them, ahd also by 
a repulsive force, probably calono, tbo prlnciplo of 
heat, which tends to separate them. The intensity of 
these forces decreases lapidly as the distance between 
the particles augment*, and becomes altogether in sensible 
M<oon m that distance has acqpuiod a senuiblo msgnU 
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tude. It is ovidentj that tho density of substances 
will dcfiend upon tho iatio which the opposing foicea of 
coheBion and lepulsion beai to one anothei 

When pm tides of tho same hmd of mattci meat 
such distances fiom eaoh other, that tho cohesion 
which lctams thorn ia insensible, tho lepuIsiYO pimciplo 
lemaniH unbalanced, and the paiticlca lmvo a tendoncy 
to fly fioin one anothei, as in nonfoim fluids. If tlio 
pai tides appioaoh sufficiently ncai to pioduce cqnili- 
bimm between tlio attiaetivo and icpnlsiye foices, but 
not ncai enough to admit of any influence fiom then 
form, poifect mobility will exist among them, 1 caul ting 
fiom tho similauty of then atti actions, and they will 
offer great lCBialanco when oompicssed, piopeitiea 
which dmiadomo liquids, in which the lcpulBiYO 
piinolple is gioatei than m tho gases When tlio dis- 
tanco between the pai tides is stdl less, solids aic fonned, 
in consequence ol the picpondotatmg foicc of cohesion. 
But the nntuie ol thou atmetmo will vaiy , beoauso at 
such small distances tho power of tlio mutual atti action 
of tho pm tides will depend upon thou fonn, and will 
bo modified by the sides they piesent to one another 
duilng then aggregation, Besides these thicc conditions 
of m a Uci, thorn mo an mflmto vaiioty of othois, coi- 
laaponding to all tho vaiious jolations that can oxist 
between tho two contending foiccs, which may bo ob- 
served in tho fusion of metals, and othoi aubstancos, 
passing fiom huidncss to tough ness, viscidity, and 
tin ougli all tho othoi btagea to pcifcct fluidity, and oven 
to vapoiu. 

Bvciy particle of mnttoi, wliotlioi it foims a consti- 
tuent pai t of a solid, liquid, 01 aonfoini fluid, Jb sulyoct 
to tho law of guiYitfttlon. 1 ho weight of tlio ntmo- 
sphoio, of gases and vapoiu * shows that they consist oi 
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gravitating particles In liquids, the cohesive force * 
not sufficiently powerful to resist the united Rcllon ** 
repulsion and gravitation. Therefore, although thi ?* 1 
component particles still maintain theii connexion, tl 11 ’ 
liquid is acattoied by their weight, unless when it ** 
confined in a vessel, 01 has already deacon ded to tl 11 * 
lowest point possible, and assumed a level siufaco fro* 1 * 
the mobility of its paiticles and tlio influcnco of ll 1 ** 
gravitating force, aa in the ocean, or a lake* Solts 1 M 
would also fall to pieces by the weight of then paitlcl< ?r * 
if the force of cohesion were not poweiful enough to 1 cat 14 *" 
the united efftn ts of giavitation and icpulalon. 
every known substance may be leduccd in bulk by pir**^ 
sure, it follows that the particles of mattoi arc iu^ 
in actual contact, but aie Bepaiatcd by intoisllcc * 1 • 
owing to tile repulsive principle that mam tains them ftt 
extremely minute distances from one another* It t* 
evident that the smaller tlie mtorstitial spaces, llu* 
greatei the density These spaces appear in some cime* 
to be void or filled with air, hb may be infened from c <- r- 
taiu semi-opaque mineiala and o tiler substances bocomlnf£ 
transparent when plunged in water, possibly they may 
contain some unknown and highly elastic fluid, such M* 
Sir X)and Brewster has discovered in tho nimuli* 
cavities of various nuneials, which occasionally cimnc** 
these substances to explode with violence when under 
the hands of the lapidary. 

All substances maybe comprossod by a sufficient, 
force, and aie said to be more or less elastic, according 
to the facility with which they regain their bulk or 
volume when die pleasure la removed, a piopoity whlcli 
depends upon the repulsive foicc of tlieh par licit? bu 
B ut the pressure may be so great as to bring tho pn r — 
tides witlun the sphere of the colics ! yo force, and thou 
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an aeriform fluid may become a liquid, and a liquid ft 
solid. Dr* Faraday lias leduced some of the gasivi to a 
liquid bt-ato by voiygieat comprcflsnm ; hut although 
atmospheric an is capablo of a diminution ot volume 
to which we do not know the limit, it \m hitherto 
always ictaincd its gaseous pi opei tie^ and HMiiimw Us 
pi 1 mill vo volume the instant tho preeBUic ts removed 
The cfFoit required to break a substance is a im-unnu' 
of tho intensity of tho cohesive foice excited by itx put- 
tides, which Is as variable as tho intensity of tlu' im- 
pulsive punoiplo In Btono, non, a tod, mid nil brlltli* 
and haul bodies, tho cohesion of the panicles la power- 
ful, but of small oxtont. In elastic substances, oil the 
conti my, its action 13 weak, but moio extensive Hhiro 
HU bodies expand by heat, the coIigbivg foice is weak- 
eyed by mi incieaso of tempeiatmc 

Tho plionomciift niismg ftom tho foice of cohesion 
are nimimcinblo. Tho sphoncal form of rnnwhapn ; 
the difficulty of detaching a pinto of glass fumi tho 
am face of wntei , tho force with winch two piano 
surfaces adhere wlion pi eased together ; thodiopa that 
cling (0 ilio window-glass in a shower of raw, me nil 
cfFoots of cohesion, entirely independent of atmoaphi'ilc 
pressure, itiul mo Included, in the same anal y lion] for** 
mula 1 , wluck expresses nil the circumstances accurately, 
although tho laws, accoiding to which tho fuicen uf 
cohesion and repulsion vary, aie unknown. It Ik 
moio than probable that tho spherical form of tho mm 
ami planets is duu to tho force of cohesion, as [hoy linu* 
every appearance of having been at one period in a Birth 1 
of lusion. 

A voi y lcnuukablc metanco of cohesion Iiab occasionally 
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been observed in plate-glass manufactories- Aflcr ^ 
large plates of gloss of which the inJZ* rolB ftLU ° , 
in ft do have received then last polish, they (lVQ ^ 

wiped and laid on their edges with thei r BiirfftOCH 
mg on one arfothe; In the J course of tin 10 “ IG 
eion liaa sometimes been so poweiful, C ° U 1 

not loe separated without breaking Install^ 0 hn'O Ge- 
cui red wheie two or three have been so J? orfectly \\\n 1 1 i 
that they have been cut, and their edges polished, ns 
they had been fused together, and sogreJit ^Vfl8 tho olCU 
leqiurcd to make the bui faces slide, that 0110 toio u a 


portion of the BUifaco of the othei* 

The size of the ultimate particles of innttor nnifd ^ 
small in the extreme Organised beings* possessing 
and all its functions, have keen discovered HO sinnllj 1 ^ 
a million of them would occupy lese Bpficn diAn n 
groin of sand. The malleability of gold, tlio poifiimo a 
musk, the odour of flowers, and many other InBinncci 
might be given of the excessive miiviati otic si of llio 
atoms of mattci, yet from a variety of eircviniatftliCCA it 
may ba inferied, (hat mattei is not niflnltoly divisible. 
Dr Wollaston has shown, that m all piobabitUy tlio 
atmoaphereB of the sun and planets, aa well as ol tile 
oaitli, con&iBt of ultimate atoms no longer <U visible, fliul, 
af bo, that our atmosphere only extends to that pidlU 
where the teircstual attraction la bnl Sliced by dw 
elasticity of tlio air The definite proportions of 
chemical compounds afford one of the boat proof* Uml 
the divisibility of matter haa a limit, Tlw eoliculvo 
force, which lias been tlie subject of tlio pxo ceding con- 
siderations, only unites particles of the samo kind of 
mattor, whereas affinity is the mutual fl-ttr action be- 
tween par tide b of different kinds of mat tar, and, when 
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modified by tlio elcctnc state of the paiticlos, baB bcon 
assigned as tho cause of chemical combinations. 

It n a pormnnent and uiuveisal law m all unoignniBed 
bodies, hitheito analysed, that tho composition of sub- 
stances is definite and invnuablc, tho same compound 
always consisting oi tbe same elemonts united togctbei in 
tho snmopiopoitions Two substances may, indeed, lw 
mixed, but they will not combine to foim a thud bub- 
Btanco difibicnt hom both, unless then component 
paiticJes um to m definite pi opoi lions, that is to say, one 
part, by weight, of one of tho substances, will umto with 
one pail, by weight, of the otboi, or with two pails, or 
tlnee, or four, &o., so as to foim a new substance, but 
m any othci piopoitions they will only bo mecbnnically 
mixed For example, ono pnit, by weight, of hydiogen 
gas, will combine with eight pails, hy weight, ot oxygen 
gftB, and foim watei ; 01 it will umto wnh sixteen 
parts, by weight, of oxygon, and foim a flubatrmco called 
doutoxule of hydiogou ; but, added to any othci woight 
of oxygen, it will pioduco one 01 bolli of these com- 
pounds mingled with tho poiUon of oxygon or hydiogou 
m ejtceBB Tho law of definite piopoition, established by 
Dk Dalton, on tho piiudplo that cvciy compound body 
consists of a combination of the atoms of its constituent 
paits. Is of universal application, and is, in fact, ono ol 
tho most Important discoveries in physical scionco, fur- 
nishing in foi mat ion pieviously unhoped foi, with lcgaul 
to die most secret and minuto operations of imtmc, m 
disclosing tho lelativo weiglus of tho ultlmnlo atoms of 
mnttoi. Tint 9 , an atom of oxygen, uniting wnh ail 
atom of hydiogcu, foi ms tlio compound water. Dufc, 
as cvoiy dtop of watei, liowovoi small, consists of eight 
pnite, by woight, oi oxygen, and ono patt, by n eight, 
of hydiogcn, it follows that an atom oi oxygen is oigln 

K 
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times heavier than an atom of hydrogen In 
Tnannci, Bulplmiet ted hydiogcn gas consists of 
parts, by weight, of sulphur and one of 1iy«i torch ; 
theiefoie an atom of sulphur is sixteen tlmcfl h* 
than an atom of hydrogen. Aho, caibomc l, Sit|p Eh 
constituted of siv parts by weight of cmbon, ft nil eight 
ofoxygcu, and as an atom of oxygen liaR thiu* 

the weight of an atom of hydiogen, it folIoWH thiU nil 
atom of caibon ib six times henvici than <»iu* of 
hydrogen Sinco tho same definite piopoi'lloli hold# 
in tho composition of all substances that hit\t> 1*ni 
examined, it may be concluded that thorp iup 
diffcienccs in the weights of tho ultimate jini title# uf 
matter. M Gay Lussac diacovoied, that pfdSOH UidtP 
togetliei by theii bulk or yolumca, in such Biinv^ and 
defluite propoi none as one to one,, ono to two, Oiip to 
three, &c, Foi example, ono volumo or measure of 
oxygen unites with two volumes ormensuiea of hydrogen 
in tlie foimaiion of wntci. 

Affinity, modified by tho eloctilcal condition of tlu* 
particles of mattei, has lutlioito been behoved to lie the 
cau^c of chemical combinations IIgwcyci, J)r. I'nru- 
day baa proved, by lecent expeuincnlB, on bullion IhiIIa 
in solution and fusum, that cbemicnl affinity in liiirdy 
a result of the elcctiical Btato of (he paiticlca of inaticr* 
Now, it must be absolved, that tho conij iowlt Ion of 
bodies, as well n a then decomposition, may Ik 1 nrroiu« 
plishcd by means of clcctuclty , and J)i, Kamil * y ] u * 
found, that this chemical composition nml decora* 
position, by a given current of .oloculclty, lit alw»yi 
accomplished accouhng to the laws of definite )**onor. 
tionB j and that tho quantity of clectilcity rcquWio for 
the decomposition of a substance is exactly tho Humility 
necessaiy foi its composition, Thun, tho quantity of 
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^^ c t r jcity which can decompose a giam weight of uatei, 
exactly equal to the quantity of olcctncity winch 
hnt^ tho e ^ onlon ^ lhat giam of wntoi together mid 
^uivfilcnt t0 the quantity of ntmoaplienc electi icity 
ls ftC ^ V0 in rt very powoiful thundci stonn 
laws aio umvoial, and me of that high nnd 
ordoi that clminotcuso all giest diBCOvcnes. 

•pj Faiadny hab given a singulai instance of cohesive 
f 0i c& * lu l uclll £ chemical combination, by tlio following 
^vpei iment J which seems to bo ncmly alhed to the dis- 
rondo by M. Doebcmnci, m LS 2 S, of tlio spon- 
tui xt3 oUB combuBtion of spongy platma 1 exposed to a 
at* ort ,ri of hydrogen gas mixed with common an A 
Mat** of pl R dim, with cxtiemcly clean Bin faces, when 
Phintf 04 ^ 111 10 ox y£ tn aiu ^ hydrogen gns, mixed in the 
P^o-portions winch aio found in tlio constitution of 
causes tho gases to combine, and watci to be 
frtincd, the platina to become lcd-hot, mid at last an 
ot^losion to tflho place, the only conditions necessity 
foi ilita unions expemnont being oxcessno pmity in 
tho and in tlio smface of the plate A sufficiently 

pniQ metallic snifaco can only bo obtained by lm- 
1110 1 sing tlio pklmn in veiy BtronglioUulphuuc acid, and 
thou 'ivfl'jlilng it in distilled wntei, oi by making it tho 
positive pole of a pile Jn dilute aulplumo acid, It appeal a 
that tlio foi co of cohesion, as wolUs tho foi co of affinity, 
«\oi tc<l by paUiclca of mattei, oxIoikIb to all iluj pai tides 
TUlhin a very innmlc distance, Iloitco tlio plntnm, 
while di awing tho pnrliclca of tlio two gases towaidB 
its surface, by its gioat cohesive atLi action, bungs them 
so no fir to one miothoi, that they conic within the 
sphoro of theli mutual affinity, and a chemical combin- 
ation lakes place. JJr. Faraday aUnbulcB tlio oftul, 

I Noto IS? 
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in pari id u, lo r ilimlimiltm in ihr rUnicii} <*t M*p 
gawcmiA pnrliclc*, nn ilirlr thh^ la ihr plum*, 

mill in their jh > rful mixture i»r mmoi latino „ a* wdl ** 
to the pnnillsu Milan nr (lie inrfal In iHun 

ngtiunl lln tmrfaic? by it* itUr^r live fnrn 'I hr p irhtV*, 
when clirmirally uinlnl. run nil ilm Multri* pf iUp 
inulal, In the form id waUr, by tin ir >;ri\l(- 4 iinri, nr pjnn 
away am jojurmin \apnur, ami malr nxy (nr uiJnf* 

Thr pnrilrli n nf niMUor Mir nh mimII, ill a! m iMu 1 u 
known nf their fnrm, furilnr than tin p|i**hoiljuf) of 
ihcii illllcrt'iil »nlt« iu urUm umt, whiJi ij j» u* 
their reciprocal mtnirilmu daring iiyMalll'flio u U,r 
mom or tarn |K}\\errul 4 according la llir bIiI™ tin p* 
went to one another, CryaUdliMiltm I* an rlfiti <4 rr<« 
locular attraction, regulated hy riruin hwa, m 

which lUoma of dm Mine kind of nmur onllotti regular 
forma,— n fori ixdly proved bydlmdWng a jdw *f 
ttltirn lit pun wMtr. Tito mmuil aUMtiion of tin pi* 
licit* In destroyed by llu> water, but if It \w i upouird, 
they imilu, Mini form In nulling, rjphi w Hcd rt^r* 
callad oUAhedtuna, * "I In*r, lipMrvcr, j»tv r?ni ah ib* 
wuno, Romo have ihdr angle* <m ufl, mUtt iKur 
edgoi, and tome ImiIi, while dm mrnlmW i*lc iu 
logulai form, It \% ijulio rlc4r ihil tin 
Alnum which cauac tltr aggregation nr d h 
would, ir mnllminl, ram* die addition of mntr, and iK* 
proccMo would go on a* Jong i* any prikVt r^*#in 
round dm primitive hurl tilt, which w<*M 
alio r but would remain unchanged In limn, ife* tijpttaof 
Utc particle* being weh, u w nwJnuln iW i*v«tai<y 
ami amoothntftt or ihe lurhct* of 0* #444 «*d U*ir 
rauUial JncUmllcma, A broken cryual will, h* 
tciumo 1U rtgtdar Oguro, when p*t t**k a^ato teU iW 
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solution of alum, which shows, that the internal and 
external particles are Himilnt, and have a similar attiac. 
tion for the particles held in solution , The ongmal 
conditions of nggicgation, winch make the molecules of 
the same substance unito in diffeient foims, must lie 
veiy mimcious, Binco of caibonato of hmo alone thoio 
are many hundiods of vniietica, ntul ceitnm it is, fiom 
tlie motion of polaused light thiough lock ciystal, that 
n very difteiont ariongemcnt of particles is icquisito to 
produce an cxtiemcly small change m external fonn A 
variety of substances, m crystallising, combine che- 
mically with a ceitam poition of watei, which in a <hy 
fltatc foims an essential pait of then crystals, and, ac- 
cording to the expeu meats of M AX Haidmgci and 
Mifechcihch, seems in some cases to give the peculiar 
dctciminatlon to then constituent molecules. These 
gentlemen have observed, that the samo substanco, 
cuystnlhsing at different temp ci a hues, unites with dif- 
feient quantities of water, and assumes a conespoiulmg 
vnuoty of foims Selemato of ?mc, foi example, unites 
with tlnec diflbient pmtions of watei, and assumes tlnee 
(hfFoicnt foims, according as its tempoiaturc in the act 
of ciysttdlising is hot, Mowaim, 01 cold Sulplu to of 
soda, also, which crystallises at 90° of Fnluenhclt, 
Without watci of ci y stall isation, combines witli watei at 
tho ordinary terapeiatuio, and takes a diffbient foim, 
Ilcat appeals to have a gieat lnduenco on the pheno- 
mena of ci ystallmtioii i not only whon the paiticloH of 
mattci aio fiee, but even when ftirnly united, it dis- 
solves then union and gives them another dctei urination 
Piofcssoi Alitechcrhch found, that puematic ciystals of 
sulphate of nickel ] > exposed to a summers sun in n close 
veesol, Iiad tholr internal structuie so completely altered* 

l Nalolft) 
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tliovtf; atV y extencn c ] mn g Qj that when broken open they 
^ c< >mpoaecl of octahediona with square bases The 

K*n al agipegation of the internal pm tides hail been die- 
*v< 2 tlj end a disposition given to anange themselves in 
^I'yBtnUino ioim Ciystals of sulphate of magnesia 
of sulphate of zinc* gradually heated in alcohol, till 
lt lose then, tianapaicncy hy degiees, and when 

°lH'hcd are found to consist of innumerable minute 
Cr y^tnln > totally diffluent in foira fiom the whole ciys- 
tiilf* • and pnsmatio crystals of zinc 1 aie changed in a 
fcocoudb into octahcdiouB, by the licit of tbe sun ; 
^tlier instances might be givon of the influence of 
rveu model ato dcgiccB of tempeiatuie on molcculni 
utt * action in the intend of substances It must l>e ob- 
ved in passing, that these experiments give entnely 
now views with legaid to the constitution of solid bodies 
aiG led fiom the mobility of AuuIb to expect gient 
eli ail pen in the 1 dative position of their molecules, which 
iinikt he in peipctual motion even in the stillest watei or 
crtlmeHt an ; hut wo were not piepared to find motion 
io Mich an extent in the inteiioi of solids That their 
pai tioie^ weic hi ought neaier by cold and pressure, 01 
Veino\cd feather fiom ono anothei by heat, was to bo 
oxpcctctlj but it could not have been anticipated that 
t-lioii i dative positions could be so entirely changed as 
to niter thou mode of aggiogation. It follows, fiom 
Llic low tompoi ature at w Inch these changes aie effected, 
tlmt tlicie is piobably no portion of moigamc matter 
that 1 b not m n state of lelativo motion 

I^rofcBsoi MLlscherhch's discovoneB with lcgaril to 
tile Tor ms of ciystallised Buhstancoa, as oonneoted with 
tlioir chemical character, have thrown additional light on 
tho constitution of m atonal bodies* Tlieic ie a oortain 
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*ict of myatalltne foiins which are not susceptible of 
viumliou, as the dlo 01 cube 1 , which may be small ox 
but is lnvaimhly a solid bounded by six tquiue 
tmifWM oi planes. Such, also, is the tetiahedion - ox 
i01n-slflt.it tolid, contruncd by fom equal-sided triangles 
Hi i \oial otlici solids belong to this class, which is called 
the Toviular system of ciygtaUiBatioTi Thcie aie othex 
oiyHtaln which, though bounded by the same numbet oi 
xmIuSj anti lmving the Harao foim, me yet ait seep ti hie of 
vutinUon'; ns foi instance, the eight sided flginc with a 
bqUJirc called an octahechon , which ib sometimes 

JIal ami low, and sometimes acute and high Now, it 
iviib fininoily believed, that identity of foim in all 
tiyuttih not belonging Lo theTcssidu system, indicated, 
identity of chemical composition Ihoiessoi jMitsclici- 
lull, lionevei, luis ehown that not to be the case, 
hut (hut hubstniKLSj diffbrmg to a cutam dcgiee m 
olu'inn ul composition, lmve thepiopcity of assuming tlie 
Bunn 1 ci yBlallinu foun. For example, the neutial phos- 
phide of mut the aiscmate of aodn, crystallise in 

the va y Mime ioim, contain tlio eamc quantities of 
ueuh idlviili, and watci ot ciyetelbyation, jet tho\ diftcr 


ku Ur, tliat the one contains ai&emc., and the otlici an 
rqMivnltsiit quantity of phopphorus Substances having 
n\icU propel tie* (txo Bald to be ibomoiphous, that is, 
t-qiml in foim. Of these theie aie many gioups, each 
ftr tuqi having the same foim, anil similarity though 
not identity of chemical composition Fox instance, 
4»iU‘ of the nomoi phous gioupa ifl that consisting of 
rrrUiu eluumcal gub stances called the piotoxidcs of non, 
c« W w, /.me, nickel, (mil manganese, all of ulncli aic 
iili Iiluul 111 fonn, and contain tlie same qwmtily of 
oxygm, lint clifFer in tlio 1 eapecuve inetnls tliey contain, 
IKotoim s Nolo 162 Ntto 1S3 

It 4 



136 CLDAVAffH ' t,r - 

T^hicli aie, however, nearly in the &ntno proportion hi 
each, All these circumstances tend to provo> llmt M»b. 
stances having the aarnc crystalline form mu*t cmisUt 
of ultimate atoms., haying the same ftguiCj and orrflugt'il 
in tlie vcnj same ordei , so dint the form of I* 

dependent on their atomic constitution* 

All crystallised bodies have joints culled cleUAW 1 ^ M- 
which they split moie easily than jn otltci 
on tlnspropeity the whole ait of cutting cHiuimMhIh ite- 
ponds Each bubstsneo m n mmvnci flint m tmmi 
peeuhai to itself Foi example, all the IiumtudH of 
foima of eaihonate of htno split into uix-sWi'tl 
called ihombohedions whose alternate nugh s inensuin 
105 55 ° and 75 05 °, howqvei fm the division nmy ta 
earned, and* therefoie, the ultimnto pui Lilli 1 ol i utIku 
nflte of lime is piesumed to have that foun llum\ir 
tbs may be, it ia ceituln that all the viu iouh ci yMala nr 
that mineral may be fanned, by building up id\«*dih*tl 
Bofida of the foim deacubcd, m the snnit> man in r im 
clulclicn bmld houses with nnmatuio bucks. It nmy 
ho imagined that a wide diffcienco limy e\inl lwlttim 
tho paiticles of an unformod mats, and a orynml nf lb* 
same substance, — between the common nhnpth«H linn* 
atone and the pine and limpid ciyatnl of luUnd *pur, 
yet chemical i analysis dotecta none, thuli uhilimtr nlninn 
aio identical, and crystallisation allows tluu llir rfifler- 
ence anees only *iom the mode of nggregnllom 

all substances either ci yatalhsonuturnlly, oi may l>« lnnjr 

to do m by art Lipids ciystalliso in iiwung, vn|»oura 
by sublimation^ and hard bodies when fbaad* crywtnlliw 
in cooling. Ilenco it may bo iofoixcd, that oil lub- 
stances are composed of atoms, on vhoxi magnitude, 
density and form, their natuio and qnnlJilt* dejKJudf 



SCOT, XIV. OAPILLAUY ATTUAOTION. 137 

anti as these qualities me unchangeable, tho ultimate 
particlos of matter mutt ho incapable of weai, and the 
same now as when ciealetl 

Tlie oscillations of the ntmosphcic, and the changes 
in its tcmpeiatuie, me inoasmed hy vauafcions in tho 
heights of tlie baiomcter and theimomotci. But the 
aotunl length of tho liquid columns depend not only 
upon the foice of giavitation, hut upon the cohesivo 
foico, or icciprocal atti action between tho molecules of 
the liquid and Uiobg ol tho tube containing it This 
pcouhai action of the cohesivo foico is called capillai y 
ntti action, 01 capillai lty If a glass tubo of cxtiomoly 
flno boic, such as a small therm ometei tubo, bo plunged 
into a cup of water 01 apnit of wine, the liquid will 
immediately use m tho tubo above tho lovcl of that m 
the clip, and the smfaco of tho little column thus sus- 
pended will bo a hollow liemisphcic, whoso diamotei is 
the liitonoi diametci of Ibo tube If tho same tubo lx* 
plunged into a cupful of mcicuiy, the liquid will also 
use m tho tubo, but it will never attain the level of that 
m tho cup, and its siufaco will he a hemisplieio whoso 
diametci is also the diametci of the tube . 1 The ele- 
vation oi dcpicssion of I lie same liquid In di flu cut 
tubes of tho samo mattci, is in tho nivcise xatio of then 
internal dmmetcis 2 , and altopcthei independent of their 
thickness Whence it follows, that the molccnlai action 
is insensible at sensiblo distances, ami that it is only tho 
thinnest possible dim of tho mtorioi siufaco of the tubes 
that oxoiU, a sensible action on the liquid Bo much 
indeed is tins tho case, that when lubes ot tho bnino 
boie aic completely wotted with watei thioughout their 
whole e\lentj ineicmy will use to tho same height m 
fill of them, whatcvoi be then thickness oi density, he* 
1 Nolo Kit> 9 Nolo lfi7 
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suiting fiom oil the foiccs acting upon it mutt bo pci- 
pcndiculai to the sin taco Now, it appeals that, os 
glass is inoic denbo than wntei 01 alcohol, the lcsultiug 
foico will be inclined to wauls the liitouoi side of tlio 
tube, theicfoie the Buifaco of the liquid must bo moie 
elevated at the Bides of the tube than in the centie, 
in oulci to be pcipeiuliculm to it, so that it will be con- 
cave, as in the thcunomotci But, as glass is lobs dense 
than meicuiy, the icsultmg foicc will bo inclined hom 
tlio intciioi bide of the tube ] , so that tho sulfite ol. tlio 
capillaiy column must bo moic ilcpiossed at tho bides 
of tho tube than in tho centie, in oidei to bo pcipcndi- 
culai to tho icsultmg foice, audit consequently convex, 
as may bo peiccivcd m the moicuiy of tho baioinctcr 
when using TJte absoiption ol moistiuo by sponges, 
biigai, bait, &e mo familim examples of capillaiy nt- 
tiaction, linked, the poius of sugai mo ho minute/ that 
theio seems to bo no limit to the ascent of the liquid. 
Wine i& diaun up in a cmvo on the intciioi suifaco 
of a glass, tea uses above its levol on tho bido of a 
cup , but if tlio glass 01 cup be too full, thou edges atliuct 
the liquid dowuwaids and give it a loundcd foim A 
column of liquid will jiao above 01 binh below its le\el, 
between two piano pmallel Bin faces when ncni to one 
anothoi, accmdmg to tho icintivo densities of tho plates 
and tho liquid 3 , and tho phenomena will be exactly tho 
same, rb in a cylimlucal lubo whobo dinmotei ib doublo 
tlio distanco of tho plates fiom eacli othei If tho two 
Bmfacob bo vciy neiu to ono anothoi, mul touch each 
othei at one of then upuglit odgea, tlio liquid will use 
highest at tlio edges that nio in conlnit, ami wjllgia- 
dually dnmimli jn height as the biufucos lwcomo moiu 
bopamtod. Tlio wholo outline of tho liquid column 
» Nolo IGS J Nola Kitf 
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will have the form of a hyperbola. Indeed, so univer- 
sal is the notion of capillarity, that boIuIb and liquid*, 
cannot touch one anothei without pi oducing a change in 
the foim of the suiface of the liquid. 

The attractions and icpuIsions nrisrng from capil- 
larity present many curious phenomena If two plates 
of glass 01 motel, both of which aie eithci diy or wet, 
be paitly lrameiBed in a liquid paiallol to one another 
tlio liquid will bo laiscd 01 depressed close to their sui- 
faces, but will mam tain its level through the lest of the 
space that separates them. At such a distance they 
neither attract noi repel one anotliei. But tlic mutant 
they are bi ought so near at to male the level paitof the 
liquid disappear and the two cuived paits of it meet, 
the two plates will rush towaida oach othei and lcmain 
pressed together . 1 If one of the surfaces he wot and 
tlie other diy, they will repel one anothei when so near 
as to have a curved suiface of liquid between them , 
but if foiced to approach a little nearer the lcpuhion 
will be overcome, and they will attract each othei ns if 
they wcic both wet oi both diy Two balls of pith or 
wood floating in watci, or two halls of tin floating in 
mercury, attract one anothei as soon as they are so near 
that the euifnce of the liquid is cuived between them. 
Two ships in the ocean may bo hi ought into collision by 
this principle But two balk, one of winch is wet and 
the other diy, lepcl one anotliei as soon as the liquid 
which sop mates thorn is cuived at its suiface A bit 
of tea leaf is attracted by the edgo of the cup it net, and 
repelled when thy, piovulcd it be not too fai fiom the 
edge, and tlio cup model ately full , if too full,, the 
oonliaiy takes place. It is piobablo that tho rise of tlio 
oap in vegetables is chiefly owing to capillarity* 

» Noto 170. 
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SECTION XV. 

■AN\LV«Jl«J OP TUP ATMOSPirmi . — ITS PRFSHtfni — TAW OP 
UrcnnA&I IN DJhSil\ ■ — I AW OI HFCBJAST IN 1FMPJ 11- 

aiuui — An- Asuiinirwr oi imams b* ujl rahowiih 
— oni ai hoi tow in ci vniAr asi \ — utjm oi jin ax- 

AlOSPlirni. O^tll LAilON^ — ■ ItAlLOMI TRIO VI VATU ATIONM 

OORlLiarONDlNO TO PilASLB 0! Jnr MOON NOT OttJNQ 10 
ORAVIXAIION . — TRADI UINDS C0UN1J H Cl/RiaNlS, 

Tnrj atmosphoio ia not homogeneous It appears fjom 
analysis that, of 100 pfu to, 79 me nvotic gas, ami 21 
oxygen, the gloat souicoof combustion and animal hen! 
Besides these, thoie aio thice oi foui parts of embome 
acid gas m 1000 pails of atmospheue an. These pio- 
portions aic found to be tho same at all hoights lulhoilo 
attained by man The nil ia an clastic fluid, legating 
piosauio m eveiy dncction, and is subject to the law 
of giavitution As tho space in tho top of thotubo of a 
barometer is a vacuum, the column of meiciuy suspend- 
ed by the picsflurc of tho atmospheio on tho siufnce of 
tJie cifitcm is a measure of its weight. Consequently, 
every variation in tho density occasion*, a con cap ending 
118 Q oi fall in the bfnomotiical column The pressure 
of tho atmoaphoio is about fifteen pounds on every 
squaio inch, so that tho euifaco of llic 'whole globe bus- 
tains a weight of 11449000000 bundled s of millions of 
pounds Shell-fish, will eh have thopowei of producing 
a vacuum, adhere to tho lochs by a piossiuc of fifteen 
pounds upon ovoiy square inch of contact. 

Sinco the atmosphere is both elastic and heavy, its 
density necessarily diminishes m ascending above tho 
smfmo of tho cnitb, for each stratum of an is com- 
pressed only by tlio weight above it, Theioforo tho 
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uppei BtratA aro less dense, because they aie less com- 
pieBBedj than those be]ow them Whence it ib easy to 
show, supposing the tempoiatuic to bo constant, that, 
it the heights above the eaith be taken in inciensing 
anthmetical piogiession, — that is, if they incieaee by 
equal quantities, as by a foot or a mile, the densities of 
the strata of au, oi the heights of the haiometer, which 
aie piopoitional to them, will rtecieasc in geometiical 
progiesBion, Foi example, at the level of the *>ea, if 
the mean height ot the baiomoter he 29 922 inches, at 
the height ot 18000 feet it will he 14 9^1 inches, or 
one half bb gieat , at the height of S6000 feet it will be 
one fouith as gxeat , at 54000 feet it will he one eighth, 
and so on, which aflbrdB a method of mcasunng the 
heights of mountains with considerable accuracy, and 
would be very simple, if the decicasc in the density of 
the air were exactly according to the piecedmg law* 
But it is mollified by seveial circumstances, and chiefly 
by changes of temperatuie, beeauee heat dilates the 
air and cold conti acts it, varying of the whole 
hulk, wlion at 82°, for every degree of FBlnenhoit a 
theimomotGr Expenence showa that the heat of 
the air decreases aa the height above tho surface 
of the earth increases And it appeals, fiom lccent 
investigations, that the mean temperatuie of space 
is 58° below the zero point of Faluenheit, which 
would probably be the temperature of tbe mu face of 
the ear tli also, wcie it not for the non-conducting 
power of the air, whence it is enabled to retain tho 
heat of tbe sun’s rays, winch the earth imbibes and ra- 
diate* in all dnections The decrease m heat is very 
irregular, each authority gives a different estimate j pro- 
bably because the decrease varies with the latitude as 
■well os the height, and something may be duo also to 
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local cncumstanccs But, from tlic mean ojt five difFcu 
ont statements, it seems to ho about ono dcgieefoi cveiy 
SSi feet, which is the cause of the bovciq cold ami otoi- 
nal silo wa on the sum in its of the Alp mo chains Of 
tlio vanoua methods of computing heights from baro« 
motucal mcnsuiemcnts, that of Mi* Ivoiy has tlio advan- 
tage of combining accmacy with thogicatest simplicity, 
Tho most icmnikablo losult of baiomotucal m casino- 
mont was loccntly obtained by Baton von Humboldt, 
showing that about 18,000 Equate leagues of tho 1101 th- 
west of Asia, including tho Caspian Sea and the Lake 
of Aial, aie moie than 020 icot holow tho level of tho 
surface of the ocean in a stato of mean equilibiium. 
This onoimous basin 10 similai to some of those laigo 
cavities on tho suifaco of the moon, and is attnbuted, 
by fll dc Humboldt, to tho upheaving of tho sun ouml- 
ing mountain-clmms of tho Himalaya, of Kuen Luii, of 
Tin an-Chan, to those of Aimema, of Eucium, and of 
Caucasus, winch, by undeimining tho countiy to so 
gicat an cutout, caused it to settle below the usual level 
of the sea Tlio vciy contemplation of tho destination 
that would ciiBue from the bui sting of any of those bai- 
ueis winch now shut out the sea, is fcaiiul. In conse- 
quence of the diminished pi casino of tho atmoBpheio, 
watei boils at a lowoi tempeiatmo on the mountain- 
tops than m the volleys, which induced Frilnonheit to 
pioposo thiB modo of obseivation ns a motliod of ascor- 
tain mg their heights. But although an msti mnent was 
cons ti noted foi that pm pose by Aichdeticon Wollaston, 
it does not appear to lmve been much employed, 

Tlio atmosphere, when m cquihbuo, is an ellipsoid 
flattened at the poles from ita lotation with the eailln 
In that stato its stiata me of uiufoim donsity nt equal 
heigh la above tho level of tho sou* and it is sensibly ol 
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finite extent, whether it consists of particles infinitely 
divisible or not. On the latter hypothesis, it must 
really be finite, and oven if its particles he infinitely 
divisible, it is known, by experience, to ho of cxliomo 
tenuity at very small heights The baiomctei uses in 
pi opoition to the supei incumbent presauie* At the 
level of the sea, in the latitude of 46°, and at llio tem- 
peifltuio of melting ice, the mean height of the baiomc- 
tei being 29 922 inches, the density of air is to tile 
density of a Bimilar volume of meicury, as 1 to 10177 9 
Consequently, the height of tlic atmosphere, supposed 
to he of urnfoim density, would he about 4 9# miles. 
But as the density decreases upwards m geometrical 
progression, it is considerably lughei, probably about 
fifty miles, The an, even on the mountain tops, is 
sufficiently rare to dimmish the intensity of sound, to 
affect respiration, and to occasion a loss of muscular 
strength The blood bmst fiom the lips and ears of 
M de Humboldt as lie aBcended the Andes, and he ex- 
perienced the same difficulty in kindling and maintain- 
ing a fire at great heights which Marco Polo llio 
Venetian felt on the mountains of Cenlial Asm, At 
the height of thirty-seven miles, the atmosplieio is bill] 
dense enough to leflect the rays of the sun when 
eighteen degrees below the hoiizon And although at 
the height of fifty miles, the bui sting of the meteor of 
1783 was heard on caitli like tho l op or t of a cannon, it 
only pioves the immensity of the explosion of a mass, 
half a mile m diameter, which could produce a sound, 
capable of peuetiating an three thousand limes more 
rare than that we breathe. But oven these heights are 
extremely small when compared with tho radius of tho 
earth* 

( Tho expansion of the atmosphere flora the heat of 
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tho sun occasions dim nal variations in the height of the 
baiometor Thoie are nocturnal oscillations also as 
regulai as tlioso of the day, though not to the Bame 
extent 

Tlie sun and moon distuib die cqujlibnum of the 
atinospheie by their atti action, producing oscillations 
similar to tlioso in the ocean, 'which ought to occasion 
peuodio vnuatioiiB in the heights of tho baiometm 
These, however aio so extremely small, that their ex- 
istence in latitudes for i amoved from the equatoi is 
doubtful. M Arago has lately been even led to 
conclude, that tho boioraetiical venations con esponding 
to tbc phases o t tho moon aie tho effects of somo special 
causo, totally diffoient fiom attraction, of winch the 
natuio and modo of action aie unknown. La Place 
seems to think that the flux and xeflux distinguishable 
at Pam, may be occasioned by the use and fall of tho 
ocean, which fotma a vanable base to so great a portion 
of the olmosphcio. 

Tho flttiaclicm of tho sun and moon has no sensible 
offoct on tho tiade winds. The heat- of tho sun occa- 
sions thesQ acunl currents, by laieiying the air at tbc 
oquatoi, which causes tho coolei and moie dense part 
of tlio atmospheio to null along the am face of the eorth 
to tlio cquntoi, while that which is heated is coined 
along tho lughei strata to tho poles, foiming two counter 
cun elite m tho dn action of tho meudian, But tho ro„ 
tatory velocity of tho an, corresponding to its geogra- 
phical position, doorcases towaids the poles. In ap- 
pioftolnng tho cquatoi, it must thoroforo revolve more 
slowly than tho corresponding pans of the earth, and 
tlio bodies on the surfaco of the earth must strike against 
it with the excess ol thou velocity, and, by its le-aclion, 

L 
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they will moot with a resistance coiitraiy to then motion 
of i otiUlcm. So that the wind will appear to a poison 
•imposing binuclf to bo at tost* to blow in a direction 
nearly though not altogether conhary to the earths 
rotation j because these ouironta will still lettun ft part 
ol then norlhoily niul somhoily impetus, which, com- 
hilling will i their do Hoi on cy of lotatoiy velocity, will 
make them appear to blow fiom the noifch-caat on one 
side of the equator, find fiom the soutluoaflt on the 
other, which lo ilia dn action of tlio trade winds. Thou 
wiimIh, however, nro not felt nt all under the hno, bc- 
cuimo Ilia custody tendency of the two gioat polar our- 
reiU* la gradually diminished as tl\cy approach tlie 
equator, by the friction of the earth, which slowly im- 
pnili a poitlon of Ha rotatory velocity to thorn as thoy 
])mi along, and wit on they meet in the equator thoy 
destroy one anotlioi's Impetus, The equator dooa not 
ovnetly coincide with tho lino which sepai ates the trade 
winds noitli and south of it. That line of separation 
depends upon tlio total dlfPoionco of heat in the two 
fun map hcioi, aibing fiom tlio distribution of land and 
miter, nml othor catiBca* 

Tlio polar curients, fiom defect of rotatoiy volocity, 
Umcl by then friction near tho equator, to dimmish 
Uio volocHy of tlio onitli'u rotation , whilo on die con- 
ttary, the cqunUulid or upper entreats dairy their 
excess of roUUoiy velocity north and south, And, as 
they occnelormlly Como to tho am face m their passage 
to Uui polcH, they act on tlio onith by choir Aiotion, as 
it Rtioriff uoulli^wcst wiml In the northern homisphoro, 
«mi a« a noi lli-woit wind in the southern. In this 
inmmor llto oquillhilum of rotation is maintained, Sir 
John Ilcriclicl nseiiboa to this cause tho western and 
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soutli-wcfltcm gales, bo prevalent in our latitudes, and 
also the west winds, which arc so constant in the North 
Atlantic. 

There are many proofs of the existence of the countei 
cun eats above the trade winds. On the Peak of Tene- 
ufffc, the piovalhng winds are from the weBt The 
ashes of the volcano of St Vincent's, in the year 1812, 
weie earned to windward ae lar as the island of Bnr- 
badoes, by the upper cinrent Tho captain of a Bustol 
ship declared (flat, on that occasion, dust iiom St Viii- 
cent's fell to the depth of flvo inches on the dock at the 
distance of 500 milcB to the eostwaul Light clouds 
have frequently been seen moving rapidly from west to 
east at a very great height above the tinde winds, which 
were sweeping along the surface of the ocean in a 
contiaiy diiection. 
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SECTION XVI- 

tOUMD — PIIOPVQATION OP HOUND 1 T LDfl CIlATFD llY A lUM 0 

OF 8TVNPIHG ( ORN, NUURF Ol W\VJ8 — pIlOPAOAllON 

OF HOUND TliftOUOir lJTh AraiOSUirill IN TIDILY* — ■ 

NOI9E • A AllffllCvr SOUND — QU \IUI in (,r 

TBNT OV IlUaiAN HE\nlNO — YVLOC1TY Ol HOUND IN A1K| 
watsu, And sorms — cvuflFS ol niK oimilutnoN oi 

SqUND LUV OF ITS INTI NallY HFirtailON Ol hOUNJh 

FCITOS TUUNDrn — RLIIIACLION Ol BOUND — INIKR- 

fhubnoe or sounds 

'Ond of the most important usrs of the atmosphero is 
the conveyance of sound, Without the nil, doathdiko 
Bilence would pie vail through natuie, foi, in common 
with all substances, it has a tendency to impmt vl- 
butions to bodies in contact with it Therefore un- 
duhtiou 3 leceived by the ail, whether it be Irpm a 
Budden impulse, such as an explosion, oi tho vibrations 
of a musical choid, mo propagated in cvoiy direct 
tion, and pioduco the sensation of sound Upon the 
auditoiy neivcs A bell rung, under the exhausted 10- 
ceiypi of an an-pump, is mandible, winch shows lliat 
the atmoBpheie is i rally tho medium or bound In tin* 
small undulations of deep water in a calm, tho vibralioin 
of the liquid paiticles are mado in tho vertical plane, 
that ia, up aud down, 01 at uglit angles to tho dncctloii 
of the hansmlBsion of the waves, But tho vibrations 
of the particle* of air which piodnce sound diflbr fiom 
these, being peiloimed in the same dhection In which tho 
waves of sound tiavel Tho propagation of sound may 
be Ulus tinted by a field of corn agitated by a gnat ol 
wind. Ilowcvei inegulai tho motion of tho coin may 
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seem ou ft sup ei final view, it will be found, if the in- 
tensity of Cbc wind be constant, that the waves aie all 
precisely fiiimlju and equal, and that all aie sepal ated 
by equal intervals, and move in equal times. 

A sudden blast dcpi esses each car equally and succes- 
sively in the diicction of the wind , but in consequence 
of the elasticity ol the stalks and the foice of the im- 
pulse, each ear not only uses again ns soon as the pres- 
sine is lcmovcd, but bends back newly as much in the 
contuny dn action, and then continues to oscillate 
backwards and ioi wauls, jn equal times, like a pendu- 
lum, to a less and less extent, till the lesistance of the 
mi puts a stop to the motion 'these vibrations aie 
tlio same for cveiy individual ear of coin, Yet as tlieir 
oscillations do not all commence at the same time, but 
successively, the crib will have a variety of positions at 
any one instant Some of the advancing eais will meot 
olhoiB in then letnrmng vibiationa, and as the times of 
oscillation are equal foi all, they will he ciowded to- 
gether ftt rcgulfti intervals Between theae, theie will 
occur equal spaces wheic the eais will be few, 111 con- 
sequence of being bent in opposite dnectione, and at 
other equal inteivala they will be in then natural up- 
right positions. So that oyci tbe whole Add theie will 
be ft leglilar senes of condensations and raicfactions 
among iho eais of com, eepaiated by equal intervals, 
whole they will bo In their natural state of density. In 
Consequence of these changes, the field will be msiked 
by an alternation of blight and daik bands Thus the suc- 
cessive waves which fly over tho com with the speed of the 
wind aro totally distinct ftom, and entirely independent 
of, die extent of the oscillations of each individual eai, 
though both take placp in the Bame direction Tlio 
long th ot ft wave is equal to the space between two ears 
Ji 3 
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pieoiaely in tlie same state of motion, op which are 
oving similarly, and the time of the vibiation of each 
cai is equal to that wlnoh elapses between the arrival 
of two successive waves at the same point The only 
difference between the undulations of q coin-field and 
those of the air which produce sound is, that each oar 
of corn is ict in motion by an external cause, and is 
uninfluenced by the motion of the rest, wheicas in air, 
which is a compressible and elastic fluid, when one 
particle begins to oscillate, it communicates its vibiations 
to the am ioun ding pai tides, which tiansmit them to 
those adjacent, anti so on continually Hence, from 
Uiq successive vibiations of the pai tides of air, tho same 
regular condensatioiiB and rarefactions take place ns in 
tlio field of coin, producing waves throughout die 
whole mass of air, though each molecule, like each 
individual ear of corn, never moves far fiom its state of 
rest The small waves of a liquid, and the undulations 
of the air, like waves m the com, aie evidently not real 
masses moving in the direction in which they are ad- 
vancing, but merely outlines, motions, oi forms rush- 
ing along, and comprehending all tho pai tides of an 
undulating fluid, which aie at once in a vibratory 
itatc. It is thus that an impure given to any ono point of 
tho atmosphere is successively propagated in all direc- 
tions, m waves diverging as fiom tho centio of a sphere to 
gi cater and gi eater distances, hut with decreasing in- 
tensity, in consequence of tho inci easing number of 
panicles of incit matter which tho foico has to move, 
like the waves formed m a till water by a fallen stono, 
which aro propagated circnlaily all around tho contre of 
disturbance . 1 These successive spheucal waves are 
only the lopei cushions of the condensations and mo- 
1 Now W. 
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tions of iho fhat particles to winch the impulse wai 
given. 

The in tensity of sound depends upon the violence 
and extent of the initial vibrations of air , but whatevor 
they may be, each undulation, when onco foimcd, cau 
only be tinnsmitted btiaight foiwaids, andnevei leturns 
back again, unless when leflected by an opposing ob- 
stacle 7 'he vibrations of the aerial molecules aro 
always oxticmely small, wlieicas the waves of sound 
vary fiom a few in elms to several feet Tlio vauous 
kinds of musical instruments, tbe human voice, 
and that of animals, the singing of biulB, the hum of 
insects, tlie roar of the cataract, tho whistling of the 
wind, and the otbei nameless peculiarities of sound, at 
once show an infinite vunety in the modes oi nenal 
vibiations, and the astonishing acntencBS and delicacy 
of the eai, thus capable of appreciating the minuteBt 
dllFeicnces in tbo law* of moleculai oscillation 

All mcic noiBcs aie occasioned by liregular impulses 
communicated to tho ear, and it they bo slioit, midden, 
and repeated beyond a certain degice of quickness, the 
oar loses tho intervals of silence, and tho sound appear* 
continuous. Still such sounds will be mere noise in 
01 del to produce a musical sound, tho impulses, and, 
consequently, the undulations of the an, must be all 
exactly similar in duration and intensity, and must rc- 
our aflor exactly equal mtcivals of time. If a blow be 
given to the nearest of a sonos of Inoad, flat, and equi- 
distant pahsadcB, Bet edgewise in a lino duoot from the 
car, each palisado will repeat or echo the sound , mul 
those ctlioB returning to the ear, at succcbbiyo equal in- 
tcivals of time, will produce a mumcal note Tho qua- 
lity of a musical note depends upon tho ahiuptncbfl, and 
its intensity upon tho violence and extent of tho onginal 
l 4t 
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impulae In the theoiy of harmony the only propel ty 
of sound taken into consideration is the pitch, which 
vanes with the rapidity of the filiations. The giavo, 01 
low tones, aie pioduced by very slow vibiations, which 
mcieaso m frequency, os the note becomes moio acute 
Very deep tones aio not hcatd by all alike, and Dr 
Wollaston, who made a vanety of expci iments on the 
sense of licai ing, found that many people, though not at 
all deaf, aie quite insensible to the ciy of the bat or the 
cnckot, while to otheis it is painfully bIujII Fiom tins 
lie concluded, that human hearing is limited to about 
nine octaves, cx ten chug fiom the lowest note of the organ 
to the highest known ciy of insects, and he obsorves, 
with his usual ouginahty, that, “ as tjieie is nothing in 
the natuie of the atmosplieie to pi event the exiBtenco 
of vibmhonB incompaiably more frequent tlmn any of 
which we arc conscious, we may imogino that animals, 
liko the Giylli, whose poweia appoai to commence 
nearly wheie ouis terminate, may have the faculty of 
healing still sharper sounds which we do not know to 
exist, and that there may be othei insects hearing 
nothing in common with us, but endowed with a power 
of exciting, and n sense which poi caves vibrations of 
the same notuie, indeed, ns those winch constitute oui 
ordinal y sounds, but so 1 emote, that tho animals who 
peiceivo them may be Baui to possess anotboi sense, 
agicemg with oui own, solely in the medium by which 
it is excited " 

M Snvart, so well known foi the numbet and beauty 
of Ins rescaicbes In acoustics, has pi oval that a high 
note of a given intensity bang heard by some cais and 
not by othois, must not be attubutcd to its pitch, but to 
its feebleness. Tho expoiiments of that gontleman, as 
well ss those moio iccenily made by Ihofcssor WhoaU 



bfot xvi. ixrrninrnNTB or jr. ^avaht 153 

atono, show, iliat if tha pulses could "be rondried suffi- 
ciently powerful, it would be difficult to fix a limit to 
human homing At either end of the scale ft] Bavart 
h<ul a wheel made about mne inches in dinmetci with 
36*0 teeth set at equal distances iound Us um, so that 
while in motion ouch tooth successively hit on a piece 
of caul. The tone increased m pitch with the 1 aridity 
of tho lotation, and was veiy puie when the number of 
stiohes did not exceed three or foui thousand m a se- 
cond, hut hoy on d that it became feebla and indistinct. 
With a wheel of alaigci siro, a much higher tone could 
be pi) tinned, because, tho teeth being widei apart, tho 
blows weie more intense and moie Bepaiated from one 
another With 720 teeth on a wheel thh Ly- two inches 
111 diamotu, tho sound pioduccd by 12,000 stiohes 111 a 
second was audible, which concs^ onds to 24,000 vihia- 
tioin of a musical chord. So that tho human car can 
appiociato a sound which only lasts the 24,000th part 
of a second Tina note was distinctly lieai d by M 
Savart and by sevcial people who weie piesent, which 
convinced him, that with anothei appmatus, Btill moie 
aoute sounds might be rondel ed audible, 

F 01 tlio deep tones M Bavait employed a bar of 
non, two feet eight mchos long, about two inches 
broad, and lialf an inch in thickness, winch rovolvcd 
about its con Ire, as if its firms were the spokes of 
wheel. When such a msohinu rotates, it impresses a 
motion on tho air similai to its own, and when a thin 
boaid 01 caul is biought close to its exti unities tho cur- 
lent of air is momentauly mtoimptcd at the instant 
ouch aim of tho bai passes bofoio the card, it is com 
picsaad nhovo the caul and dilated below, but tho 
inBtant tho spoke lias passed, a lush of air to rcstmo 
equilibrium makes a kind of explosion, aud wbon Ihoso 
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succeed each other rapidly, a muflical note is pioduced, 
of a pitch pioporbonal to the velocity of tlio revolution 
When M Savart turned this bai slowly, n succession of 
single beats was heard , as the velocity became gicalci the 
sound was only a rattle, but ns soon as it was sufficient 
to give eight beats in a second, a veiy deep musical note 
was distinctly audible, conesponding to sixteen single 
vibrations maaecond, which is the lowest that liRabcen 
hitherto pioduced When the velocity of the bni was 
much increased, the intensity of the sound wrb hardly 
bearable The spokes of a levolving wheel pioduco the 
sensation of sound, on the veiy samo pnnciplo that a 
burnmg stick whirled round gives the impicsston of a 
luminous circle The vibrations excited m tlic organ 
of heaiing by one beat have not ceased befoie another 
impulse is given Indeed, it ib indispongable that the 
impressions made upon the auditory neivea should en- 
croach upon each other, in ordei to pioduce a full and 
continued note. On the whole, M Savait has come to 
the conclusion, that the most acute sounds would be 
heaid with as much ease as those of a lowei pitch, if 
the duration of the sensation pioduced by each pulse 
could be diminished piopoitionally to the augmentation 
of the number of pulses in a given time, and, on the 
contrary, if the duiation of the sensation pioduced by 
each pulse could be increased m pioporlion to their 
number in a given time, that the deepest tones would bo 
aa audible as any of the otheis 

The velocity of sound is unifoim, and ib liulejxindont 
of the nature, extent, and intensity of the primitive 
disturbance. Consequently sounds of ovory quality 
and pitch travel with equal speed The smallest dif„ 
ference in their velocity is incompatible elthoi with 
harmony or melody, for notes of difffeient pitches and 
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intensities, sounded together at a little distance, would 
arrive at the ear m diffoicnt times. A lapnl succession 
of notes would m this case produce confusion and dis- 
cord. But as the lapidity with which sound is trans- 
mitted depends upon tho elasticity of the medium 
tluough which it has to pass, whatever tends to increase 
tlie elasticity of the an must also accelciato the motion of 
sound On that account its velocity is greater m warm 
than m cold weathci, supposing the pleasure of tlie atmo- 
sphere constant. In dry an, at the heevmg tcmpciaturo, 
sound tiavelB at the rate of 1089 Jeet m a second, and 
at 62° of Fahrenheit, its speed is 1 123 feet in the same 
time, oi 765 miles an hom, which is about tlnecfomths 
of the diuinol >clocity of the eai til's equator. Since 
all the phenomena of the tiansimsBion of sound are sim- 
ple conacquoncca of the physical propeitics of tlie air, 
they have been picdictod and computer! ngorously by tho 
laws of mechanics It waB found, however, that the 
velocity of sound, dotei mined by observation, exceeded 
what it ought to have been theoretically by 173 feet, 
or about one sixth of the whole amount La Place 
suggested that this discrepancy might anse fiom the in- 
creased elasticity of tho an, m consequence) of a dcvclopc- 
menfc of latent boat 1 dmmg the undulations of Bound, and 
thoiesult of calculation fully confhmedtho accuracy of lua 
views, Tlie adual molcculeB, being suddenly comprcsBcd, 
give out their latent heat; and, as air is loo bad a con- 
ductor to cairy it lapidly ofF, it occasions a momentary 
and local rise of tompouluio, which, increasing tlie 
consecutive expansion of tho air, causos a still gieatoi 
dovolopement of boat, and ns it exceeds that which ib 
absoibcd in tlie next 1 arc faction, the an becomes yet 
waimei, wlucli favoms tho ti ansmission of sound, Ana- 
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Jysis gives the hue velocity of sound, in terms of the 
elevation of temperatmo that a mass of nir is capable of 
communicating to itself, by the diBeiigngomonl of its 
own latent heat, when it is suddenly compicwcd ill a 
given latio* This change of tcmporaluio, howover, 
cannot be obtained dncctly by experiment; but by 
inverting the problem, and assuming the velocity of 
sound as given by expenmont, it was computed that 
the temperature of a maBS ot an is laiBed nine tenths of 
a degree, when the completion is equal to T J- d of ita 
volume 

Probably all liquids are clastic, though comidciablc 
foice is lequned to compicss them. AVniei suffers a 
condeusation of neaily 0 00004Q6 for eveiy atmosplicid 
of pressure, and is consequently capable of convoying 
^ound even rnoie rapidly than nu, the velocity In tile 
former being 4708 feet in a second A person under 
water hears sounds made in air feebly, but thoso pro- 
duced in water very distinctly* Accoiding to the cx- 
penments of M. Colladon, the sound of a bell was 
conveyed under watei tlnough the Lake of Genova to 
the digtance of about nine miles IJc also pel coivcd that 
the progress of sound through watpi is gioally impeded 
by the intei position of any object, such ns a pi ejecting 
wall, consequently sound undet water lescmblos light, 
in having a distinct shadow It has much loss m air, 
being transmitted all round buildings, or other obstacles, 
so as to be heard in eveiy diiection, though ofton with a 
considerable diminution of intensity, as when a ciunsgo 
turns the coiner of a street 

The velocity of sound, in passing through solids, is In 
proportion to their hairiness, and is much grcalci than 
in air or water. A Bound which takes boitio timo in 
travelling through the air, passes almost instantaneously 
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along a wire six hundred feet long, consequently it is 
heard twice, — first ns communicated by the wiro, and 
aftci wauls tlnougli the medium of the on. The facility 
with which the vibiationa of sound aie tianBimtted 
along the giain of ft log of wood ib well known, Indeed, 
tlioy pass tluough non, glass, and some kinds of wood, 
at the iuto of 18,530 feet in r second The velocity of 
sound ib obstiuctcd by a vftuety of circumstances, such as 
falling enow, fog, rain, or any otliei cause which chauubs 
the homogeneity of the medium tlnougli which it ha a to 
pose. M, do Humboldt Bays, that it is on account of the 
greatei homogeneity of the atmosphoie dining the night 
that sounds me then bcttoi licaul than during the day, 
when its density is pcipotually changing fiom paitial 
variations of tempeiatuio Ilia attention was called to 
tin B subject by the lUBhmg noise of the gieat cataiacls 
of tho Onnoco, winch seemed to ho llnce times as loud 
duung the night as m the day, from Lhe plain smiouml- 
Ing the Mission of the Apuies This lie illustrated by 
a celcbiatcd expenment, A toll glaBB, half full of 
champagne, cannot be mado to xmg as long as the effer- 
vescence lasts, In order to produce a musical note, tho 
glass, togothor with lliQ liquid it contains, must vi- 
biato In unison as ft system, which it cannot do, in con- 
sequence of the fixed air rising tluough tho wine and 
distuibmg its homogeneity, because, the vibiationa of 
the gas being much slower than those of the liquid, 
tho velocity of the sound is perpetually intei juptod. 
Foi tho Bamo reason, tho transmission of sound os well 
as light is impeded in passing tluough an almosphorc of 
variable density Bu John Iloiachcl, in his admirable 
Ticatiso on Sound, thus explains tho phenomenon . — 
fC It is obvious/ 1 ho says, (t that Bound aB well as light 
must bo obstiuctcd, stifled, and dissipated fiom its oil- 
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ginal direction by tbe mixture of air of diffluent tem- 
peratures, and consequently elasticities, and thua the 
same cause winch produces that cxtieina tianspaiency of 
the air at niglit, which astronomers alone fully appreciate, 
renders it also more favourable to sound. Theio is no 
doubt, howevei, that the umvcisal and dead silence, 
generally prevalent at night, lendoia oui auditoiy mnves 
sensible to impressions which would otherwise escape 
notice. The analogy between sound and light is pci feel 
in this as in so many other lespeUs, 111 tho gonoial 
hght of day the stais disappem. In the continual hum 
of voices, which is always going on by day, and winch 
reach us from all quaiters, and never leave the eai time 
to attain complete tranquillity, those feeble sounds 
which catch our attention at rught make no impression 
The ear, like the eye, requires long and poifcct repose 
to attain its utmost sensibility ” 

Many instances may be brought in pi oof of the 
trtrengtli and clearness with which Round passes ovoi tho 
surface of water or ice Lieutenant Poster was able to 
carry on a conversation acrosB Port Bowen baiboui, 
when frozen, a distance of a mile and a half, 

The intensity of sound depends upon tho extent of 
the excursions of the fluid molecules, on the onorgy of 
the transient condensations and dilatations, and on tho 
greater or leas number of particles which experience 
these effects \Ve estimate that intensity by tho inu 
petus of these fluid molecules on our organs, which is 
consequently as the square of the velocity, and not by 
their inertia, which is as the simple velocity. Were tho 
Utter the caBe, there would be no sound, because the 
inertia of the receding waves of air would dostroy the 
equal and opposite inertia of those advancing ; whenco it 
may be concluded, that the intensity of sound di- 
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immshcs inversely as the square of the distance fiom it* 
origin, In a tube, however, the force of sound does not 
decay aa m opon air, uuIcsb, peihaps, by faction agnmst 
the sides, M Biot found, from a mimbci of highly 
interesting experiments which he made on tho pipes of 
the aqueducts in Pans, that a continued conversation 
could 1)0 earned on, in the loweBt possible whlBpor, 
Enough a cylindrical tube about 3120 feet long, the 
timo of transmission through that space being 2*79 
seconds. In moBt cases sound diveigesm all directions, 
bo as to occupy at any one time a spherical smfaio, 
hut I)i Young has shown that there aro exceptions, an, 
foi oxamplc, when a flat surface vibrates only in one 
(hiection. The sound is then most intense whon l ho 
cm is at right angles to the surface, whereas U la 
scarcely audible in a direction preoisely peipendicnlnr to 
its edge In this case it is impossible that tho whole 
of tho simounding air can be affected in the same man- 
nci, since tho pniticlea behind the sounding surface 
must be moving lowaids it, whenever the particles be- 
fore it aio letTeating. Hence m one half of the sur- 
lounding gplicic of air its motions are retrograde, while 
ill the other half they are direct , consequently at the 
edges, whore these two portions meet, the mo lion h nf 
tho air will neithoi be retrograde nor direct, and there- 
foro It must bo at rest 

It appears fiom theory as well as daily expoiionco, that 
sound is cupablo of lcflection from Buifncca 1 , accord- 
ing to the same laws as light. Indeed, any one who hiui 
observed the reflection of the waves from a wall on l ho 
sido of a river, or very wide canal, after the pnenngc of 
n steam-boat, will have a perfect idea of tho icflcclhm 
of sound and of light. As every Bubstanco In unlurii Is 
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more or less clastic, it may be agitated accoulmg to its 
own law, by tbe impulse of a maBs of undulating air , 
but reciprocally, the surface by its ro-action will com- 
municate its undulations back again into the air* Such 
reflections produce echos, and as a tones of them may 
take place between two 01 moio obstacles, each will 
cause an echo of the oupinal sound, gi owing fainter and 
fainter till it dies away, becauso sound, like light, is 
weakened by reflection Should tho reflecting am face 
be concave towaidB a peieon, the sound will convcige 
towards him with nun cased intensity, which will bo 
grealei still if tbe tmface be spherical and conccntuo 
with lnm Undulations of Bound divoigmg from ono 
focus of an elliptical shell 1 conveige m the othor aftci 
reflection. Consequently a sound fiom tho ono will be 
heard in tho other as if it weie close to the cai. Tho 
rolling noise of thundei has been attubuled to rovci- 
beration between different clouds, winch may possibly bo 
the case to a certain extent But Sir John II ei gelled js 
of opinion, that an in tensely piolonged peal is probably 
owing to a combination of sounds, because tbe velocity 
of electricity being incomparably giealci than that of 
sound, tlie thundoi maybe regaulcd aa originating in 
eveiy point of a flash of lightning at the same instant. 
The sound fiom the nearest point will anivo fliat, and 
if the flash run in a direct lino from a poison, the nolso 
will come latei and latei from the romoto pomU of its 
path in a continued roai Should the direction of tho 
flash be inclined, the succession of sounds will bo more 
rapid and intense, and if tho lightning dosenbo a clr- 
culai cui ye round a person, the sound will anive from 
every point at the same instant with a stunning crash 
In like manner, the subterranean noises heard timing 
i Noto m 
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eaithquahcs, Me distant thundei, may auso fiom the 
consecutive anivnl at the cm, of undulations piopagated 
at the same instant fioin neaiei and moic 1 emote points , 
01, if they onginute in the same point, the sound may 
come hy difllient loutes th iough stiata of thffeicnfc 
densities 

Sounds undci watci rig hcaid vciy distinctly in the 
mi immediately aboYO, hut the intensity decays with 
gicftt lapulity as tho obscivoi goes faither off, and is 
altogcthoi inaudible at the distance of two 01 tin ce 
bundled yaids So that waves of sound, like those of 
light, in passing fiom a dense to a iaie medium, aio 
not only lcfuicted, but suftbi total leflection at \eiy 
oblique incidences , 1 

The laws of mtcifeicnco extend also to sound It is 
cloai that two equal and similar musical strings will be 
in unison, if they communicate the same numbei of 
Yibiations to the an m the wnno Umc But if two such 
stiings bo so nearly in unison, that one poifoims a 
bundled vibialions in a second, and the othci ahundicd 
and ono in tho same pcnod, — duung tho that few vi- 
brations, tlio two insulting sounds will combine to foim 
ono of double the intensity of oither, because the auinl 
waves will sensibly coincido in timo and place , but tho 
ono will giadually gam on the othci, till, at tho fiftieth 
vibiation, it will be half an oscillation m advance Then 
the waves of air which pioducc tho sound being sensibly 
equal, but the leceding pait ot tho 011c coinciding with 
the advancing pait ol tho othci, they will dehtioy ono 
another, and occasion an instant of silence Tho Bound 
will be lenowed immediately aftci, and will gradually 
incieaso till tho lmndicdth vihiatlon, when the two 
waves will combmo to pioduco a pound double the in- 
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tensity of oither, Tlieso intervals of silenco and gioatcst 
intensity, called l^eats^ will iceni eveiy second, bnt if 
tho notes differ much fiom one anothei, tho altoumtionB 
will resemble a lattlc, and if tho btungb bo in pcifecl 
unison, thcio mil be no boats, since theio will be no 
lnteifeicnce Thus, by intcifeienco it meant tho co- 
existence of two undulations, in which tho lengths of 
the waves aie the same, And as the magnitude of an 
undulation may he diminished by the addition ol another 
ti an emitted. in tile same dncUion, it follows, that ono 
undulation may bo ahbolutely destioycd by another, 
when waves of the same length aio tinnhinittcd. m tho 
same dnection, piovuled that tho maxima of tho undu- 
lation b aie equal, and that one follows the othci by half 
tho length of a wave A tiimug-foih affoids n good 
example of interference When that lnstiumcnt vibiates, 
its two bianches alternately lcccdc tiom and appioflch 
one anotlici, each communicates its vibiations to the 
an, and a musiLal note ib the consequeucc. If the folk 
bo hold upiight, about a foot from the eai, and lumctl 
lournl its axis wlulc vibiatmg, at ovoiy qunitoi le- 
Yolution tho bound will scarcely be heard, while at tho 
intermediate points it will ha stiong and cleat This 
phenomenon autos fiom the mtoifoionce of the un- 
dulations of air coming fiom tho two bimiches of ihu 
fork. Whon tho two blanches coincide, 01 wlun they 
aic at equal diBtanccs fiom tho eai, tho waveh of uu 
combine to lciufoice oacli other, but at tho quadiauts 
whero tho two blanches aie at unequal distancob from tho 
ear, tho lengths of tho waves diffoi by half an umhilcu 
Mtion, and consequently destroy ono an othci, 

i i 
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SECTION XVII 

\ UlUANON or DIUSICAT BTRINQ8 — H\R^OMC SOUNDS 
wojus — vumvnoHoi air in wind-ins rnuMnvrs ► — vidrv- 
iion oi soi mu — vidrat^o piat^s — heits — h-ahmoitv', 

* — souMiiha aoARus — forced viBRAnoKa — RFsoxANcr, 

SPL\klNO 3IA0IIIKA3. 

WiirN tho pni tides of elastic todies are suddenly dis- 
tm bed by an impulse, they ictum to then natuial 
position by a senes of lsochionoua vibrations, whose 
lapuhty, foico, and permanency depend upon the elas- 
ticity, the form, and the moda of aggregation wlncli 
unites the particles of the tody. These oscillations aio 
communicated to the an, and on account of ita elasticity 
tboy excite alternate condensations and dilatations in 
the sliata, of tho fluid nearest to the vihiatmg body 
from tlienco they me piopngatcd to a distance A string 
01 wno Btrotchcd between two pirm, when diawn aside 
ami suddenly lot go, willvibiate till its own nguhty and 
tho icBistancc ol tho on reduce it to rest These oscil- 
lations may be rotatoiy, in avery plane, or confined to one 
plane, according as tho motion is communicated In the 
piano-forte, where tho strings aie struck by a hammoi 
at one extremity, tho vibrations probably consist of a 
bulgo running to and fio, fiom end to end Diffbrent 
modes of vibration may he obtained from the same sonor- 
ous body. Suppose a vibiflUng string to give tho lowest 
C of the pnno-loitc, wlnoh is the fundamental note of 
the hlung , if it ha lightly touched exactly in the middle, 
so ns to letain that point at icst, each half will then 
Vibrate twice as fast ns the whole, but in opposite direc- 

u £ 



lfri V IBUATION Or MUSICAL 81 IIING 0 SCOTf Mil. 

tions, the vential 01 bulging segments will bo aUci- 
nately above and below the natural position of llic 
string, and the resulting note will bo tho octave above 
C Wien a point at a third of the length of the ailing 
is kept at leatj the vibiation will be tlncc times as last 
aB those of the whole stiing, and will givo tho twelfth 
above C When the point of icst ib one fouith ol the 
whole, the oscillations will bo foui timet qs fast ns thoso 
of the fundamental note, and will give llio doublo octavo, 
and so on These acute sounds am called tho lmi monies 
of the fundamental note It is clcai fiom wlmt has been 
stated, that the stung thus vibrating could not give theso 
liai monies, unless it divided itself spontaneously at its ali- 
quot paitB into two, thicc, four, or more tegmenta 111 op- 
posite Btatea of vibiation, separated by points actually at 
lest In pi oof of this, pieces of papei placed on tho Btnng 
at the half, third, fourth, 01 otliei aliquot points, accord- 
ing to the corresponding liaimomo sound, will 1 cninm on 
it duung its vibiation, but mil instantly fly off from any 
ot the intei mediate points The points of lest, called tho 
nodnl points of the stung, aio a mote consecjuonco of 
the law of lnteifeiences F01 if a lopo fastened at ono 
end he moved to and fro at tho othei e\ticmity, &o nB to 
transmit a succession of equal waves along it, they will 
be successively leflected when they auivc nfc tho other 
end of the rope by the fixed point, and 111 ictmmng 
tliey will occasionally mtorforo with tho advancing 
waves, and as these opposite undulations will at ecilam 
points destroy one another, the point of tho iopo in 
which this happons will remain at rest, Tims a Bcrlea 
of nodes and ventral segments will be pioducod, wlioso 
number will depend upon the tension and tho froquency 
of the alternate motions communicated to tlio movablo 
end. So, when a Btnng fixed at both ends is put in 
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motion by a sudden blow at any point of it, tb c pri- 
mitive] impulse divides itself into two pulses nmmng 
opposite ways, which aie each totally reflected at thu 
oxticnntics, and, 1 mining back again along the whole 
length, aie again reflected at die otliei ends And thus limy 
will continue to urn bachwaids and foiwnuls, cleaning 
one nnothci at each travel se, and occasionally mtu Iciing, 
so as to pioduce noilcB, so that the motion of a Htiing 
fastened at both endB consists of a wave 01 pulse, uni* 
tinually doubled back on itself by leflection at the h\<j] 
cxlicimtics. 

Ihu monies frequently co-exiBt with the fundamental 
sound in tho same vibiatmg body If one of tho lout nt 
ahingsof tho piauo-foitcbe Btiuch, an attentive eai will 
not only hctu the fundamental note, but will detect nil 
tlm ollicis Bounding along with it, though with Iosh and 
less intensity as the pitch becomes higher, AeeowL 
ing to tho law of co-cxisting undulations, the whole 
filling and each of its aliquot parts aie m difllienl and 
independent states of Yibiation at the samo tune, mid 
qb all the icsulting noteB aie heard Bimuliaiiemihly, not 
only iho an, but tho eai also, vibiates m unison with 
each at the same instant 1 

Harmony consist* m an agiceable combination of 
Bounds, When two cords peifoun then vibmtions in the 
«amo time, they aio in unison. But when thin v illa- 
tions aio so 1 dated as to have a common penod aiu r a 
few oscillations, they produce concord Thus, whciu 
the vibiations of two Btiings beai a very simple illation 
to each otliei, as wlieie one ot them makes two, time, 
foul, &e vibiatiouh in tho time the other makes nm i , 
01 If it accomplishes tlnec, foui, &c vibiationa while the 
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othci makes two, the lcsult is a concord, winch is tho 
moie pei feet the sliortei the common penoth In dis- 
cords, on the contiary, the heats aie distinctly audible, 
Tvlncli pi educes a disagieeablc and brush effect, because 
the vibiations do not bear a simple lolation to ono 
anothci, as wlieie ono of two stimgs makes eight vibra- 
tions while the otlici accomplishes fifteen 1 ho plea-* 
suic affoided byhaimonyia attributed by Di Young to 
the love of oidei, and to a picchlection for a legulfli ic- 
cuiienceof sensations, lmtuial to tho human mind, winch 
js gratified by the pci feet legukuty and iapid lccvrr- 
rence of tho vibrations The Ioyo of pootiy and dancing 
lie conceives to aiise m Borne dcgiee fiom the iliytlun 
of tho one and the legulanty of the motion b m tho 
other 

A blast of air passing ovci the open end of a tube, atj 
over the reeds in Pan's pipes , over a hole m one side, 
as in the flute, or tliiough tho apeihue called a ieed, 
with a flexiblo tongue, as in the claunet, puts the in- 
ternal column of an into longitudinal vibiations by tho 
alternate condensations and laicfac lions of its pai tides. 
At the same time the column spontaneously divides itself 
into nodes, between which the an also vibiates longitiN 
dinally, but with a rapidity inveisoly propoitionnl to tiro 
length of the divisions, giving the fundamental note or 
one of its harmonics. Tho nodes aio pioduccd on tho 
punciple of interfeionces, by tho leflcction of the longi- 
tudinal undulations of the air at tho ends of the pipe, 
as in the musical stung, only that in ono case the un- 
dulations aie longitudinal, and in tiro othor tiansYoiso. 
^ A pipe, either open or shut at both ends, whon 
sounded, vibrateB entire, oi divides itself spontaneously 
into two, three, four, segments separated by 
nodes. Tho whole column gives the fundamental 
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noto by waves 01 'vibrations of thu eamo length with the 
pipo, Tho first haimomc 10 produced by waves half as 
long as tho tube, the BQcond hnimomc by waves a thud as 
long, ami no on* Tho haimomc segmonta in an open and 
shut pipe aie tho samo in number but dlffbiently placed 
In a Bhut pipe the two ends oio nodes, hut in an opcnpipo 
there is half a segment at each extiemity, because the 
an at these points is neitlici laicfled noi condensed, 
being m contact with that wlucb is external If one of 
the ends of tho open pipe bo closed, its fund amen tnl 
note will be an octave lowei, tho an will now divide 
itself into lluee, flvo, seven, &c. segments, and tho 
wavo producing its fundamental noto will bo twico as 
long as tho pipe, so that it will ho doubled bach 1 All 
thcBe notes may bo produced separately, by \aiymg the 
intensity of the blast Blowing steadily and gently, the 
fundamental note will sound, when tho force of tho 
blast la increased, the noto will all at once atait up an 
octavo , when the intensity of the wmd ib augmented, the 
twelfth will be heaid, and by continuing to moicnse the 
fmcc of tho blast tho otlroi hat monies may be obtained, 
but no foico of wnul will produce a noto intermediate 
between these. Tho lmi monies of a flute may be ob- 
tamed m this manner, from the lowest C 01 D up wauls, 
without alteilng the fingering, meicly by increasing tho 
intensity of tho blaet, anil nltcung tho foim of the lips. 
Pipes of tho samo dimonsioiiB, whothoi they bo made 
of lead, glass, 01 wood, givo the same tono ns to pitch 
under the same cLieumstanccs, which shows that tho ail 
alone produces tho Bound 

Metal bpnngB fnstoued at ono end, when lorcibly bent, 
endeavour to lotuin to lost by a senes of vibi ationa, which 
glvo veiy pleasing tones, as m musical boxes. Various 



1(38 vibration or springs and HODS, si or tVII, 

musical lnsti laments lmve leccntly boon conBtiucted cou- 
BiBtiag of metallic spimga tluown into ubiation by a 
cunent of an Among the most peifeot of thebe aro 
3VJi AVTigrU tone’s Sympliomon, Conccitma, and TKolmn 
Oigan, instruments of diffcicnt effects and capabilities 
but all possessing consideiable execution and expression, 

The Syien is an ingenious instillment, devised by M 
Gagman! dc la Tour, foi aacei taming the numbci of 
pulsations m a second coneaponding to each pitch tho 
notes aio pioduccd by jots ol an passing thiough small 
apeitmcB auanged at legulai distances in a cmlo on 
the side of n box, befoie which a disc 1 evolves pin cod 
with tlic same numbei of holes. Dm mg a 1 evolution 
of the disc the amenta aie alternately intei ccp ted aiul 
allowed to pQsa rb many times as there aie apcituies in 
it, and a sound is produced whose pitch depends on tho 
velocity of rotation 

A glass 01 metallic lod, when stiuck at one end, or 
rubbed in the dnechon of its length with a wet flngci, 
vibiates longitudinally, like a column of an, by the 
alternate condensation and expansion of Ub coiibtitnont 
paiticleBj winch pioduces a cleai and beautiful musical 
note of a high pitch, on account of the lapidity with 
which these substances tiansmit sound, Rods, mu faces, 
and in gencial all undulating both os, lesolve them sol vcb 
into nodes But, in surfaces, the paits wluoli lcmam 
at icat dining thou vibiations aie linea, which aio cuived 
oi plane accoiding to tho substance, its foim, and tlie 
mode of vibration If a little fine diy Band ho strewed 
ovei the surface of a plate of glass oi metal, and if 
undulations bo excited by chawing the bow of a violin 
aciosa its edge, it will emit a musical bound, and tho 
aaiul will immediately arrange itself in the nodal hues, 
wlieio alone it will accumulate and romaln at rost, bo- 
causo the segments of the siufaco on each Bide will bo 



anor, xyil 


vibration or plates 


3 69 


m chfFeicnfc states o£ vibiation, the one being elevated 
wlulo tho otliei is depressed, and as these two motions 
meet m tlio nodal lines, they neutralise one another 
Tlu.bc lines vaiy in form and position with the pait 
wlioio tlic bow is diawn acrosB, and the point by which 
the plate is held. The motion of the sand shows in 
what dnection the vibrations take place If they be 
peipcndicular to the bin face, the sand will ha violently 
tossed up and down, till it finds the pointB of rest If 
tlioy be tangential, the sand will only creep along the 
suifaco lo the nodal lines Sometimes the undulations 
aro oblique, or compounded of both the preceding 
If a bow bo diawn acioss one of the angles of a squaie 
plato of glass oi metal held fiimly by the centre, the 
wnul willanango itself in two stiaight linen parallel to 
tho sides of tlio plate, and ciossmg in the centra, bo as 
to divide it into foui equal squaies, whose motions will 
be contiaiy to each other Two oi the diagonal squares 
will make Llieir u\ cui sums on one side of the plate, while 
the othci two make tlicir vibrations on the otliei Bide of it. 
Tins mode ot vibiation pioducea the lowest tone of the 
plfttcsJ If tho plate he still held by the centre, and the bow 
applied lo tho middle of one of the sides, the vibiations 
will bo moio rapid, and the tone will be a fifth lughci 
than in tbo preceding case ; now the sand will airange 
itself fiom comci to coinei, and will divide the plate 
Into ioui equal tiianglaa, each pair ot which will make 
then excuieions on opposite Bides oi the plate The 
nodal lines and pitch vaiy not only with tho point 
whoio the bow is applied, but with the point by which 
tho plate is hold, which bomg at icst, necessarily deter, 
mines the dnection of one of the quiescent lineB. Tbo 
forms assumed by the sand in square plates aio very 
i Note 170 
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numcious, conesponding to all tho vailoua modes of 
vibiation, The linos m circular plates aro even moro 
lemarkable for then symmetry, and upon them tho foi ins 
assumed hy the sand may bo classed in tlneo Rysteins 
The first is the dmmctucal system,, in which the figuies 
consist of diamoteis dividing the cncuinferoiico of tho 
plate into equal paits, each of which ir in a dificicnt 
state of vibiation fiom those adjacent. Two diametcifl, 
for example, crossing at light angles, (livido the circnm- 
fel mica into four equal parts, tlneo diainoteis divido 
it into six equal pails, foui divide it into eight; and 
so on In a metallic plate, these divisions may amount 
to thnty-six 01 foity Tho next is tho conccnUio 
system, wheie the sand ananges itself in cncles, 
having the samo ccntiowith the plate, and tho thud is 
the compound system, wheie tho figuics assumed by 
the sand aie compounded of tho othei two, producing 
vciy complicated and beautiful foi ms Galileo seems to 
lmvc been the flist to notice tho points of lOBt ami 
motion in tho sounding board of a musical instrument, 
but to Cldadm ib due tile whole discoveiy of tho sym- 
metrical forms of the nodal lines in Yibi atm g plates 1 
Mr Wheatstone has shown, in a papoi lead liofoic tho 
Royal Society in 1833, that all Cldadina flgiucs, and 
indeed nil the nodal figures of vibiating mu faces, result 
fiom -veiy simple inodes of vihiation, oscillating iso- 
chionouely, and supei posed upon each othoi , tho resulting 
figure varying with tho component modes ol vibiation, 
the number of the supei positions, and tho angles at 
which they nic superposed. Foi example, if a squaio 
p^ate he vibrating so as to make the sand anango 
itwlf in straight lines paiaUol to one sido of tho plate* 

i 
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and if, in addition to tins, such vibrations be excited ae 
would have caused the sand to form in lines perpen- 
dioulai to the first liad the plate been at rest, the com- 
bined \ dilations 'will make tile sand form 111 lines from 
coinoi to comei, 1 

M. Savait'a experiments on the vibrations of flat 
glhss lifieis arc highly interesting Let a lnmma of 
glasB, 27 ln 'df> long, 0'59 of an inch broad, and OOfi 
of an inch in thickness, be held by the edgea in tlio 
middle, with its flat suifacc houzontal If this sarfacn 
bo Bticwcd with sand, and set m longitudinal vibration 
by rubbing its undci surface with a wet cloth, tlie annd 
on the uppei Bmface will mrange itself in lmeB parallel 
to the ends of the lulci, always m one or othoi of 
two systems 3 Although the same one of the two 
systems will always be pioduccd by the same plate of 
glasb, )ct among diflbicnt plates of the piecedmg dimen- 
sions, cyou though cut fiom the Barae sheet side by side, 
one will invariably exhibit one system, and the other 
the otlici, without any usible leason foi tlio diffeienco 
Now if tlio positions of these quiescent lines be marked 
on the uppei suifaco, and if the plate be turned so that 
the lowei surface becomes the upper one, the sand 
being showed and vibrations oxcited as befoie, the 
nodal linos will still bo paiallel to the ends of the 
lamina, but then positions will be nitermediato between 
thoec of the uppei am face 8 Tims it appears that all 
the motions of onobalf of tlio thickness of the lamina, 
or mler, uio exactly contiaiy to those of the coirespond- 
mg points of the othci lmlf If the thickness of the 
lamina lie mcicased, the other dimensions remaining the 
same, tlie sound will not vaiy, but the number of nodal 
lilies will be less. When the bieadth of tlie lamina 
, 1 Noto 17B 8 Noto 170 a Note I 30 - 
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D\cce«lH the 0 f> of nn inoli, tho nodal linen becomo 
cmvorij nrnl ft ro flifTcicnt on the two auifnces A gioat 
vmlelyof forms aic pioduccd by increasing the hioftclth 
imil changing llu^fonn of tho suiface, but in nil it ap- 
pom a that the moll one m ono half of tho tluchnosB 
uro opposed to IIloro m tho othoi half, 

Hnvmt also found, by placing amall pupei rmga 
round n cylindrical tube 01 lod, so as to icstupon it at 
one point only, thut when tho Lube oi 3 ad ib contiminlly 
turnuil on iIh amh in tlia saino dncction, tho ungs slide 
ulong dumig the vibrations, till they como to a quiescent 
point, wlicie they lent, By thus tiacing these nodal 
lines ho discovered that they twist an a tpnaloi coik- 
»crew muufl toils nml cyllndoia, making one or moio 
turns Hccouling to the lengthy but at ccitain points, 
varying in number nccoiding to tho mode of vibration 
of Lhe rod, tho screw Btopa, and accommeiicca on tho 
oilier Hide, though it is tinned in a contiaiy direction, 
that in, on ono Hide it ib a ligTit-liandcd bcicw, on the 
olhoi a hit 1 Tho nodal lines in the mtoiioi Biufnco 
of the tul>e mo pcifectly similni to theme in Iho eUeiior, 
bill they occupy liitoimodiato positions If a nmall 
Ivoiy hull lw put within tho lubo, it will follow tlioBo 
nodnl llnea when tho tube is made to revolve on its axis, 
All ftollds which ling when struck, buch as holla, 
dunking-ghaaca, gongs, &c., havo then shape inomen- 
tailly nml ioiclbly changed by tho blow, nml fiom their 
ulftflluity, oi tendency to lesumo thou natuial foim, a 
aom-H nf u ml uln lions take plnco, owing to tho al tomato 
comlenwitlons mid laiefnctions of tho particles of aoliil 
inaltn, Them* have aluo their luumonio tones, and, 
consequently, nodes. Indood, generally, when a rigid 
system of any loim whatever vibrates elthor inuia- 
1 Nolo 161 
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voisoly or longitudinally, at divides itself into a certain 
numbci of paita, which peiforra tlien vibiationa without 
diatiubnig one anotlici These paits aie at eyeiy instant 
in nltoninto states of undulation, and as the points or 
lines wheie they join paitaho of both, they aemain at 
rest, because the opposing motions destioy one another. 

Tho an, notwithstanding its iaiit), is capable of 
Li imam it ting its undulations when in contact with a 
body suscoptihlo of admitting and exciting them It is 
thus that sympathetic undulations are excited by a body 
vibiating ncai insulated tended stnnga, capable of follow- 
ing its undulations, eithei by vibrating entue, or by 
fcopaiating themselves into their haunomc divisions 
If two coids equally sti etched, of which one is twice 
oi three times longoi than the other, be placed side by 
aide, and if the shoitei he sounded, its Yibiations will 
be communicated by tho ail to the other, which will he 
tluoivn into bucIi a state of vibration that it will be 
spontaneously divided into segments equal in length to 
tho ehoitei atnng Wien a timing-foih receives a blow, 
oiul is made to lest upon a piano-foite during its wu 
Illation, every stung which either by its natural length 
or by its spontaneous subdivisions, is capable of exe- 
cuting corresponding vibratious, lesponds in a sympa- 
thetic note Borne one oi other of the notes of an oigan 
are generally in unison with one of the panes, or with 
tho whole sash of a window, winch consequently lesouiul 
when thoso notes aie sounded A peal of thundei has 
ficqucntly the Bame effect The sound of veiy laige 
organ-pipes is geneially inaudible till the an he set m 
motion hy the undulations of some of the supenoi ac- 
coids, and then its sound becomes extiemely eneigetic. 
Kccurung vibrations occasionally influence each othoi s 
pciiodfc. Tor example, two adjacent oigan-pipes, neaily 
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in unison, may foice themselves into concoid, and two 
clocks, whose iatea diffeied considerably when separate, 
have been known to beat together when fixed to the 
same wall Nay, one clock lias been known to foico tlio 
pendulum of anotlioi into motion, when moiely standing 
on the same stone pavement These forced oscillations, 
which conespond in then periods with those of tlio 
exoiting cause, are to be tiaced in cveiy depaitmont of 
Xiliysical science Sovcial instances of them have aheady 
ocean etl m tins woih Such aio tlio tides, which follow 
the sun and moon in all then motions ancl pcnoiU 
The nutation of the eaith’s am also conespond a with 
the penod, and represents the motion of the nodes of 
the moon, and is again leflected back to the moon, and 
may be tiaced in the nutation of the lunai orbit And, 
lastly, the acceleiation of the moon'B mean motion re- 
present the action of the planets on the eailh reflected 
by tlje sun to the moon, 

In consequence of tlio facility with which the ail 
communicates undulations, all the phenomena of vi- 
biating plates may he exhibited by sand shewed on 
papci 01 pai diiucnt, sti etched oyei a liaimomca glass, 
or laige belLshaped tumbler In oulei to give due 
tension to the papci oi vellum, it must be wetted, 
stretched over tho glasq, gummed lound the edges, 
allowed to (hy, and varnished ovei to pi event changes 
in its tension tiom the humidity of the atmosphoie. If 
a circulai disc of glass bo held concontucally over this 
apparatus, with its plane parallel to the suifaco of tho 
papei, and set m vibiation by di awing a bow aoross 
its edge, so as to make sand on its surface tako any of 
Chladpi's figures, the sand on tho paper will assume tho 
veiy same foim, m consequence of the vibiations of the 
disc being communicated to tho paper by tho all. 
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When the dibc is lomovcd slowly m a horizontal ducc- 
tlon, tlio foi ms on tllo papci will correspond with ih 0 ^ 
on tho disc, till the distance ib too gicat foi the mi i 0 
convey tho vibi aliens. If the disc while vibinling ]>o 
giadmlly moic mul inoie inclined to the hon/otij the 
figiucs on tho paper will vaiy by degrees , and when (ho 
vihiatuig dibc is pcipondiculai to the horuon, iho mind 
on tho papci will foun into sti Right lines paiallol to thr 
siu face of tho disc, by creeping along it mhIuiuI oi 
dancing up and down If the disc be made to tout 
lound its vcitzcal chamctci while vibiating, tlio undid 
hues on the papci will levolvc, and exactly follow tin 
motion of tlic disc. It appeaie ftom tins cxpuimenl, 
tlmt the motions of the aunal molecules in evoiy pint ot 
a sphoncal wavo, piopagatcd fiom a vibiating body ns 
a centiCj aicpainllel to each othei, and not dnu gent like 
tho lailn of a cnclc ^Vlien a slow an is played on n 
flute neat this nppaiatus, each note calls up a pai titular 
foun m the sand, winch the next note effaces to chU- 
hlibh its own, Tho motion of the sand will ovui detect 
souudB that aic inaudible By the vibrations of band on 
a diuin-head the besieged have discovered tho duo* lion 
m which a conn tei -nunc was working* M frhmul, 
who made those beautiful cxpci iments, employed llilH 
nppaiatus to discover nodal lines in masses of uii, 
lie found that the air ot a loom, when tin own Into 
undulations by the continued sound of an oigan-pipc, ai 
by any other moans, divides itself into masses nepaiutod 
by nodal ciuves of double cm vatin e, feucli as RpnnlH, on 
each bide of which tho an is in opposite stales of \lbm- 
tion • lie oven tiaced these quiescent lines going out at 
an open window, and foi a conbidcrahle distance in lilt* 
open air* Tho sand is violently agitated whom the 
undulations of the rui arc greatest, and lcmaina at uni 
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in the nodal lilies M Savait observed, that when ho 
moved his head away fiom a quiescent luio towards tho 
light tlie sound appealed to como fiom the lights and 
when lie moved it towards the left tho sound teemed to 
come from the left, because the molecules of an aic in dif- 
fcient states of motion on each side of tho quieacont lme. 

A musical stung gives a Yeiy feoblo sound when \i- 
brating alone, on account of tho small quantity of an set 
m motion But, wlion attached to a sounding bomd, as 
in the liaip and piano-foi to, it com mum cates its undu- 
lations to that sinfacc, and fiom tlienco to eveiy pail of 
the instrument, so that the wliolo system vibiatcs 
isochionously, and by exposing an extensive undulating 
surface, which tiansnuU. its undulations to a gicat mass 
of an, the sound 19 much reinforced, Tho intensity jb 
greatest when the vibiations of the atmig 01 sounding 
body aie perpendicular to the sounding board, and least 
when they aie 111 the same plane with it. The sounding 
board of the piano-forte is bettor disposed than that of any 
othei stiinged instrument, because tile hnmmcis scuko the 
BtiingB BO as to make them vibiato fit light angles to 
it In the grntai, on tho continry, they aie stiuch ob- 
liquely, which rcndeis the tone feeble, unless when tlio 
sides, which also act aa a sounding board, aio deep. It 
is evident that the sounding boaid and tho wholo 
instrument aie agitated at once by all tlio supei posed 
vibrations excited by tlio simultaneous 01 consecutive 
notes that are sounded, each having its perfect effect 
independently of the rest A sounding board not only 
reciprocates the different degrees of pitch, but all tho 
nameless qualities of tone. This has been beautifully 
illustrated by Professor IVhea to tono in a bones of expe- 
riments on the tiansimsBion, through solid conductors, of 
musical peiformances, fiom the harp, piano, violin, 
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clarinet, &c. lie found that all tbe varieties of pitch 
quality, and intensity aro perfectly transmitted with their 
relative gradations, and may be communicated, through 
conducting wires or rods of veiy considerable length, to 
a properly disposed sounding-.boaul in a distant apart- 
ment The sounds of an entire orchestra may be trans- 
muted and leoipiocated by connecting one end of a 
motallic rod with a sounding-board neoi the oichoBtia, 
so placed as to resound to all die mstiuments, and tho 
othci eiul with the Bounding-board of a liarp, piano, or 
guitar, in ft remote apartment Mr, Wheatstone ob- 
selves, '♦'the offfcot of this expeiiment is voiy pleasing, 
die sounds, indeed, have so little intensity as scaicely to 
bo heard at a diBtanoo from die lcciprocating mBtiu- 
ment, but on placing the car close to it, a diminutive 
band is hcaul In which all the instruments prcseive their 
distinctly o qualities , and the pianos and foites, the 
ciescomlos and diminuondos then lelative contrasts 
Compared with an ordinary hand lieai d at a distance 
through the air, the effect is ns a landscape Been in 
nuniaturo beauty tluough a concave lens compaied with 
the same scone viewed by ordinal y vision tluough a 
murky atmoBpheio" 

Evory one is aware of tho reinforcement of sound by 
dia rcsouimoc of cavities. When singing oi speaking 
near tho aperture of a wide-mouthed vessel, the inten- 
sity of Bomo one note m unison with the air in tho 
cavity is often augmeuted to a great degree. Any vessel 
will resound if a body vibiating tho natural note of the 
cavity he placed opposite to its orifice, and he large 
enough to cover it , 01, at least, to sot a Iaige poition of 
tho adjacent air in motion. For the sound will be nltei- 
natcly lcficcted by tho bottom of the cavity and llio 
undulating body at its mouth, The first impulse of 
w 
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ilio 'Undulating substance will be leflected by die bottom 
of tlio cavity, and then by the undulating body, m time 
to combine with the second new impulse, TJhb ioin- 
fenced sound will also be twice leflected in time to con- 
Rplio with tlio tliud new impulse, and as fcbo same 
process will bo 1 epos ted on evoiy now impulse, each 
will combine with all its echos to rcinfoice the sound 
piotliglously. Mi, 'VVhejtBtone, to whoso ingenuity we 
mo indebted for so much new and valuable mfoiination 
on the thcoiy of sound, has given some veiy striking 
matnnccB of leaonance. It one of the blanches of a 
vibrating tuning-fork be brought neai the orabouoliure 
of n Ilu to, tlio latmnl apeitmcs of winch are stopped so 
ob to rondei It capable of producing the same sound 
the fork, the feeble and semcely audible sound of the 
folk will bo augmented by the nob lesonance of the 
column of air with in the flute, and the tone will be full 
and clcai The Bound will be found gieatly todecieaae 
by closing 01 opening another apeitmc, foi tlio altera- 
tion in tliu length of the column of an renders it no 
longci fit pcifcctly to iccipiocate the sound of the flute, 
TUia experiment may bo made on a concert flute with a 
G luulug- fork* But Mr, IVLeatstono obseives, that in 
this caso it is goner ally nocessary to Anger the flute foi 
Jlj boonueo, when a flute is blown into with tlio mouth, 
tlio mulct -lip pmtly covers the embouchure, which len- 
doia tlio sound about a semitone flatter than it would be 
weio tho embouchure enuiely uncoveied. lie lias also 
aliown, by tlio following experiment, that any one among 
■ovuiul simultaneous sounds may be rendcied separately 
audible, If two bottles he selected, and tuned by Ailing 
lllcm with Buell a quantity of water ab mil render 
tliom unlflcumnfc with two tuning-foiks which differ in 
pitch, on bringing both of the vibrating tuning-forks lo 
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the mouth of each bottle alternately, m each case that 
sound only mil bo heard which ib leciprocated by the 
uiusohant bottle. 

Several attempts have been made to imitate the 
articulation of the letters of the alphabet About ill© 
yeai 1779.1 MM, Kiatzen&tem, of St Fcteuburgli, ami 
Kcrapolcn, of Vienna, constiucted instruments which 
articulated many letters, woids, and even sontonces. 
Mi Willis, of Cambudge, has lccently adapted cybn-. 
dricol tubes to a reed, whose length can be vailed at 
pleasure by sliding joints Upon diawmg out the tube, 
while a column of air from the bellows of an organ is 
passing through it, the vowels aie pronounced in the 
order, t , r, a > o, u On extending the tube, tliey aio 10- 
peated, aftci a certain interval, in the mveited older 
u, o, a , By €♦ After anothci mteival, tliey aie again 
obtained in the direct oidei, and bo on When the 
pitch of the reed is very lugh, it is impossible to sound 
some of the vowels, which is in peitect conespomlonce 
with the human voice, female aingeis being unable to 
pronounce u and o in their high notes Fiom the 
singular diBcovenes of M. Savart on the nature of the 
liuman voice, and the investigations of Mi. Willi b on 
the mechanism of the laiynx, it may bo presum od that 
ultimately the uttoiance 01 pronunciation of modom 
languages will be conveyed, not only to the eye, but 
also to the ear, of posterity, Ilad the ancients possessed 
the means of trail emitting such definite sounds, tlio 
civilised world would still have responded in sympathetic 
notes at tho distance of hundreds of ages. 
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SECTION XVIII* 

HIFRACTTION ASTBGNOMlCAli TIEFR VCTION AND 113 TAWS.— 

FORMATION OF rVIUK 3 0* HI 1 B ACTION TFflUK&mlAL 

RFFBAC1I0N ITS QUANTITY • — ■ IN9TANCF9 01 F\PBAOR- 

dinary refraction — amrcTioN — instancis 01 ix- 
teaordinary mriFCTioN — ioab of Tiam nr Tilt aif- 

SORBINQ FOWFR OF Till ATMOSPIIFR] — AFFARMiT M\OM- 

r tudt of sun and moon IN Tlir IIOIU/ON 

Nor only every tiling we hear, but all wo see, is through 
the medium of the atinospheie. Without some know- 
ledge of its action upon light, it would bo impossible to 
ascertain the poBition of the heavenly bodios, 01 oven to 
determine the exact place of very distant objects upon 
the Hurface of the eaith, foi in consequence of the 
refractive powei of the an, no distant object is Been in 
its true position 

All the celestial bodies appeal to be more clovated 
than they loally are, because the rays of light, instead 
of moving tlnough the atmosphere in sluight; lines, aio 
continually inflected towards tho caith. Light passing 
obliquely out of a raie into a donsei medium, ns fioin 
vacuum into air, or fiom au into watoi, is bent 01 10- 
fracted fiom its couise towards a porpendiculai to that 
point of the densei surface whoic tho light entcisit* 1 In 
the same medium, the sine of the angle contninod be- 
tween die incident lay and tho perpondicuhu is ma con- 
stant ratio to the Bine of tho angle contained by tho 
refracted lay and the Bamo peipcndicular , hut tills 
ratio varies with the refi acting medium. The doneor 

* Nolo 103 
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the medium., tlio moio the ray is bent. The baiometor 
shows, that the density of the atmoepheie clecieaaea ab 
the height above the caith mcicase^. Direct experi- 
ments piove, that the refractive power of the an m- 
cicaseq with its density It follows, therefore, that it the 
tempo aLuio be uniform, the refi active power of the air 
ia gicatcst at tho eaith'a smface and diminishes upwaida 
A ray of light fiom a celestial object falling obliquely 
on this variable atmosphcie, instead of being lefi acted 
at once from its coin so, is giadually more and moie 
bent during its passage through it, bo as move m a ver- 
tical euwed line, in the same ranmiei as if the atmo- 
sphere consisted of an infinite number of atiata of different 
densities. Tho object ia Been m the dncction of a 
tangent to that pait of the cuive which meets tho eye, 
consequently the apparent altitude 1 ot the heavenly 
bodies ib always greater than then true altitude Owing 
to tins circumstance, the alais me seen above the 
lioii7on after they aie sot, and the day 11 lengthened 
flom a pait of tho sun being visible, though he ically 
is behind the rotundity of the caith It would be enay 
to determine the direction of a lay of light through tho 
atmosphete, if the law of tho density weie known , 
hut as tins law is perpetually yaiying with the tempe- 
rature, tho case is yeiy complicated. When lays pass 
perpendicularly from one medium into another, they 
are not bent , and experience shows, that in the aamo 
surface, though tho sines of the angles of incidence and 
refraction ictain the same latio, the lefiacuon increasea 
with tho obliquity of incidence 2 lienee it appeals, that 
the lofraction lBgieatcBt at the horivon, and at the zenith 
there ia none. Hut it is proved that at all heights above 
ten degrees, lofraction vaucs neatly rb the tangent of tlm 
1 Koto IBS » Koto isa 
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angulai distance ot tlio object from the yemtli, and 
■wholly depends upon the heights of fcho baiometei and 
thermometer Foi the quantity of refraction at the- 
same (hstanco from the zemth, vanes nearly as tho 
height of the baiometei, the temperature being constant, 
and the effoct of the vauation of icmpeintuio ia to di- 
minish the quantity of refi action by about lta 480tli 
pait for every degieoin the rise of Fahienheit’s thci- 
mometei Not muehrelianae can be placed on celestial 
obseivationa within less than ten or twelve degrees of tlio 
honzon, on account of nrcgulai viuiatioiis in the density 
of the air near the suiface of the eaiih, which aie some-* 
times the cause of vciy singulai phenomena. The hu- 
midity of the air pioduces no sonaiblo effect on its ic- 
fractive powei 

Bodies, whether luminous or not, are only visible by 
the rays which pioceed fiom them. As tho lays must 
pass through strata of different densities m coming to 
ns, it follows that, with the exception of stars m tlip 
zenith, no object either in or beyond oui atmospheio is 
seen in its tiue place. But the deviation is so small m 
ordmaiy cases, that it causes no mcoiiYenionco, though 
m astionomrcal and trigonometrical obseivatioHB a due 
allowance must he made foi the effects ol rofraohon. 
Dr Biadley’a tables of refraction weio foimcd by ob- 
flernng the zenith distances of tlie sun at his gicatost 
declinations, and the zenith distances of tho pole-stai 
above and below the pole The sum of these foui 
quantities is equal to 180°, dim mi shod by the sum of 
the four refractions, whence the sum of tho four re- 
factions was obtained , and from the law of the vauatioa 
of refraction determined by theory, he assigned the 
quantity due to each altitude. 1 The mean honiontsJ 
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action is about 35' ty 1 , and at tlio height of forty - 


^• v e tie gi cob it ia 58" S(j. The effect of iofi action 
^l^on the same ft tar above and below the pole was noticed 
Aih a/iCiij a Saracon astronomd of Spain, in the 
^mtli contuiy, but its existence was known to Ptolemy 
the eccond; though he was jgnoiant of its quantity 
^•flie iofi action of a teiiCBtnal object is estimated 
^ffciemly from that of a celestial body It ib mcasuicd 
the angle contained botweon the tangent to the cuivi- 
^^nGnl path of tho iny, where it meets the eye, and the 
tstuught lino joining die cyo and the object 1 Neai the 
drill's Biu lace, the path of the iay may be supposed to 
t)o circular, and the angle of this path between tangents 
ot the two cKtiemities of this aic, ia called tho hoiu 
zontal angle, The quantity of tones trial lefi action is 
obtained, by moasuung con tempo i an eou sly the elevation, 
of the top of a mountain above a point m tho plain at 
Us hnse, and the depicsdou of dial point below tho 
top) of the mountain. The distance between diese two 
stations is the ehoul of the hoU7ontol angle, and it ia 
to prove that double tho refraction is equal to the 
horizontal anglo, diminished by the chffcionce between 
the apparent olevation and the appnient depiossion 
AVlionce it appeals that, in tho mean state of the atmo- 
sphere, tho lefr action is about the fomteenth pait of 
the horizontal angle 

Some very singular appeal ancca occur fiom tho acci- 
dental expansion or condensation of tho Btrata of tho 
ntmoaphoie contiguous to the aui face of die eailh, by 
'Winch distant objects, 1110 toad of being elevated, aio de- 
pressed, SometimeB, being at once both elevated ancl 
tlcpicfised, they appear double, ono of the images being 
direct, and the otlior inverted. In conBequonco of tho 

1 Nolo IBS, 
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upper edges of die sun dml moon being let* icfi acted 
tlmu the lower, they ofteu appeal to bo oval when near 
tho honzon. The looming also, or elevation of coasts, 
mountains, and shipBj when viewed ftcioss tho sen, ftil&cfl 
from unusual lefi action, A friciul of the authors, 
while standing on the plains of Ilimlostaiij saw tho 
whole uppei chain of tho Himalaya niounlmnH btart 
into view, fiom a sudden change m the density of tho 
air, occasioned by a heavy showoi after u voiy long 
couibo of diy and hot weathci Smglo and donhlo 
images ol objects at sea, mining fioin sudden chnngoa 
of tempeiatuio, which aio not so soon communicated 
to the wator on account of Ha density as to the an, occm 
more raiely, and are of shoitoi duiation than similar 
appearances on land In 1818^ Captain Scorcsby, whose 
observations on the phenomena of tho polai seas nio bo 
valuable, lecogimcd Ins fathei's ship by its inverted 
imago in the an., although the vessel itself woa below 
tho homon lie aftei waids found that she was Bcvon- 
teen miles beyond the honzon, and tlmty miles distant. 
Two images aie somotunes seen suspended in the air 
over a ship, one dneefc and the otlioi invoitodj with 
theh topmasts 01 then hulls mcolmgj accoidmg as tho 
in veiled image ib above 01 bolow tho dnect imago* 1 ])i. 
Wollaston lias piovcd that these appeal ail ccs mo owing 
to the ichaction of tho lays thiougli media of ihflhtmt 
densities., by tlie vciy simple oxpeumont of looking 
along a red hot pokor at a distant otyoct Two images 
are seonj one <hrect and another invoitodj in conse- 
quence of tho chango induced by tho heat in tho donaity 
of the adjacent an lie pioducod tho an mo cilbct by a 
saline oi sacohaiine solution with water and spirit of 
wine floating upon it* 3 “■ 

_ 1 Notolflfl. * Kolo 167 
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Mirny of the phenomena that have been ascnbed to 
extrftoulmary lefi action, seem to be occasioned by a 
paitul or total reflection of the rays of light at the sur- 
faces of stiata of different donnitLee l It is well known, 
that when hght falls obliquely upon the external surface 
of ft transparent medium, as on a plate of glaBs, or 
stiftluin ot air, 0110 portion is reflected and the othei 
tiHiismittcd. But when light falls veiy obliquely upon 
tire internal surface, the whole ib leflected and not a lay 
is trail 8 mi t ted In all cases the angles made by the iru 

cident and reflected Tays with a peipeudiorulai to tho 
suifaco being equal. As the brightness of the reflected 
linage depends on the quantity of light, those anemg 
fiom total lcflcclion must be by far the rnou vivid. The 
dcluaiYG appearance of water, so well known to African 
traveller*, and to the Arab of the desert, as the Lake of 
the Gavollea, ib as cubed to tlie reflection which takes 
place between stiata of an of dvffeient densities, owing 
to radiation of heat fiom the and sandy plains The 
mirage draenbed by Captain Mundy, in Ins Journal oi 
a Tour in India, piohably ausea fiom tins cause €< A 
deep pic dpi tons valley below ua, at the bottom ot which 
I had seen one 01 two mi&oiablo villages in the morn- 
ing, boie m the evening a complete resemblance to a 
bountiful Inks; the vapour, which played the part of 
water, ascending neaily half way up the sides of the 
vale, and on its blight surface trees and rocks being dis- 
tinctly icflccted. I had not been long contemplating 
the phenomenon, before a sudden storm came on and 
dropped a curtain of clouds over tlic qcene w 

An occuuonco which happened ou the 18th of No- 
vember, 1804, was probably produced by reflection, 
3> r . Buchan, while watclung the rising aun from tho 
i Nolo IBS 
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cliff about a mile to the cast of Ihlghton, at llio mutiiiil 
the solai disc emoigod fiom tlio tuifacc of tin* menu, 
saw the cliff ou which lio was standing, a windmill, hl« 
own figure, anti that of a fuond, depicted jnimeiliulcly 
opposite to him on tlio sea* Tins nppcmanri* luMal 
about ten minutes, till the sun had naen nearly Imtmiu 
diameter above tlio Bin face of the waves The whole 
then seemed to bo elovatcd into the an ami RiirecpKively 
Tanished The mys of the sun fell upon llu* chi! 1 nt an 
incidence of 73° Jiom tlio pcipcmhculai, nml the urn 
was coveted with a doiwo fog many yimto in huglil, 
winch gradually loeeded befoio tlio using ami When 
extraoLchnary lofi action takes place laterally, the strut ft 
of variable density aro pci pond Iculai to the horluon, and 
when it combined with vcitlcal lofi Action, (ha oh|i‘Ct« 
are magnified &a if seen llnough ft tclacopo. Fiom thin 
cause, on the 26th of July, 1798, tho cliflb of h'laneo, 
fifty mile# off, were seen as distinctly from Hastings as 
if they bad been close nt hand, and evou Dieppe wu* 
said to havo been visible in tho afternoon. 

The stratum of an in tho hoi I/on 1b bo much thicker 
and moie dense than tho stiatum in tho vcitlcal, tlinl (In* 
sun's light is diminished 1300 tunes m passing llnmigli 
itj which enables ua to look at him when soiling with- 
out being dazzled, Tho Jobs ot light, nml constvpioiirty 
of heat, by the absoiblng powoi of tlio ntmosphcic*, In- 
creases with tho obliquity of inoidcnco, Of (cn thonsmul 
rays foiling on its am face, 8123 ahIyo at a given point 
of tho eaith if they fall poipendloulftily , 702'1» arrive, if 
the nnglo of direction bo fifty dogicca j 2831, if ll bo 
seven degiecs; and only five rays will airlvo through a 
horizontal stratum. Since so gioat a quantity of light 
is lost in passing through tho atmosphere, many eclat* 
tml otyecta may bo altogctlm invislblo Aom tlio plain, 
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which may be seen fi om ole va ted situations Diminished 
splondom and the false estimate we make of distance 
fiom tho mimbGi of intei veiling objcctB, lead us to sup- 
poso tlic sun and moon to bo much laigei when in the 
hon7on than at any other altitude, though thou appa- 
rent diamcteiB are then somewhat leas Instead of the 
sudden tiamitions of light and daiLncsB, tho inflective 
power of the air adorns natuiewith theiosy and golden 
hues ol tho Amoia and twdight Even when the sun 
is eighteen degrees below the honzon, a sufficient portion 
of light lemalns to allow that, at the height of thirty 
milofl it is still dense enough to lefleot light* The at- 
mospheie scattois the sun's lays, and gives all the 
beautiful tints and cheeifulneas of day It transmits 
the bluo light in greatest abundance , the lughei wo 
ascend, the shy assumes a deeper hue; hut in the ex- 
panse of space, tho sun and Btars must appeal hko 
bulhant specks in piofound blackness, 
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SECTION XIX 

constitution or jioirr aocordino to sir i*>aao nfwton — 

ABSORPTION Ol HOtn. COT OURS OF BODIl S CONSTITUTION 

OF TIGHT. AOCOADINO 10 SIR JU\ID IlRFU STDR 1 llAUN- 

HOPKR‘6 DARK TINE8 — DISPERSION 01 T (OUT* TUP AfllRO- 

KAiio rcrrscopE — uoMoorNLous iiqiit — . aClidfntat 
AND COMPLEMENTARY COLOURS — M PLAJ.J \UN 1 >PCRI- 
3IBNTS — 'SIR DAVID BRE^fllLR's IIILOIlV Or AOOIDJNTAT 

oorouas 

It ib impossiblo thus to trace the path of a sunbeam 
tlnough our atmospheie without feeling a desire to know 
its natuie, by what power it tiaverses the immensity of 
space, and the vanous modifications it undeigdes at tlio 
Bui faces and in the interior of ten cstiiol substances 
8u Isaac Newton pioved the compound natuie of 
white light, as emitted from the sun, by passing a sun- 
beam tlnough a glass pnsm l , which, sepai a ting the rays 
by refraction, foimed a apectium 01 oblong image of the 
mm, consisting of seven coloms, ml, oxange, yellow, 
green, blue, indigo, and violet, of which the led is tlio 
least lefiangible, and the violet the most But whon lie 
re-muted these seven rays by means of a lens, the com- 
pound beam became puio white as befoic He Insulated 
each colouicd iay, and finding that it was no longer 
capable of decomposition by leA action, conoludcd that 
white light consists of seven kinds of homogeneous light, 
and that to die same colom tho same refrangibihty over 
belongs, and to the same refiangibihty tho samo colour. 
Since the discovery of abeoibeut media, however, it 
1 Note IBS 
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appears that tin* is not the constitution of the solar 
spectrum. 

Wo know of no Bubstaneo that is either peifectly 
opaque or peifootly transpaient, Even gold may be 
beaton so Unit as to be pemoua to hght On the 
contrai y, tho cleaiest crystal, tlio purest^ air 01 water, 
stops oi absorbB Its ra)s when transmitted, and gradu- 
ally extinguishes them os they penetrate to greater 
depths- On this account, objects cannot be seen at the 
bottom of yoiy deep watei, ancl many more Btals are 
visible to the naked oye horn the tops of mountains 
than from tho valleys, Tho quantity of light that is 
Incident on any tianspniont Bubstance ib always gi enter 
than the sum of the reflected and rohaoted lays A 
Binall quantity 10 megulaily reflected m all duectiona 
by the imperfections of the polish by which we ore 
onabled to ice tho sui face, but a much gieatei portion 
is absmbed by the body Bodies that 1 effect all the 
rayB appear white, those that absoib them all seem 
blaak , but most aubstance s, after decomposing the 
whito light which falls upon them, 1 effect some colours 
and absorb the ieat. A violet 1 effects the violet rays 
alone, ami absorbs the othois Bcmlct doth absoib a 
almost all tho coloms except icd, Yellow cloth 1 effects 
tho yollow lays most abundantly, and blue cloth those 
that aro blue- Consequently colom is not a propel ty 
of mattei, but arisos fiom tlio action of mnttei upon 
light. Thus a white ribbon reflects all the lays, but 
when dyed red tho pm tides of the silk acquire the pro- 
pcity of loflcctmg the led raye most abundantly and of 
absoibmg tlio othcis, Upon this pi oporty of unequal 
absoiplion, tho colom b of tianspaiont media depend 
For they also receive thou coloui fiom then powei of 
stopping or absoibmg some of tho coloms of white 



190 


Tnn abboupiion - op Lionr 


flioi \i\. 


light and ti an am it ting otlioia. As, for oxatnplo, black 
and red inks, though equally homogeneous, absoib 
different kinds of lays , and when exposed to the eim, 
they become heated in difffeient dcgioes , while pui o 
water seems to tiansrmt all lays equally, and ia not 
sensibly heated by the passing light of the sun, Tlio 
uch dark light tiansmittcd by a sinalt-bluo flngei -glass 
is not a homogeneous colow , like the blue 01 indigo of 
the spectrum, but ib a mixtuio of all the coIoiub of , 
white light, which the glass has not abaci bod, Tlio 
colours absoibed are such as, mixed with the blue lint, 
would form white light Wl icn the spectrum of seven 

coloius is viewed through a thin plato of this glass, 
they are all visible ; and when tlio plate is vciy thick, 
every colour ia absorbed between tlio extremo led and 
the extreme violet, the mtei val bonig poifeotly black f 
but if the epeotiura be viewed tluough a ceitain thick- 
ness of the glass intermediate between the two, It will 
be found that the middle of the ml space, the whole of 
the oiange, a great part of the green, a consldoinblo 
part of the blue, a little of the indigo, and a veiy little 
of die violet, vanish, being absorbed by the blue glass; 
and that the yellow rays occupy a Jaigei apace, covoiing 
part of that foimeily occupied by the oiango on one 
side, and by the gieen on the othei So that tlio bluo 
glass absorbs the red light, which, when mixed with tlio 
yellow, constitutes orange, and also absoihs tliobluohglU, 
which, when mixed with the yellow, forms the pmt of 
the green space next to the yollow. Ilonce, by nbeoip- 
lion, green light is decomposed into yollow and bluo, 
and mange liglu into yellow and rod, Conecquontly, 
the orange and green rays, though incapable of decom- 
position by refraction, can bo ^solved by absorption, 
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and aotuoUy consist of two different colorns poweBsing 
the samo degice of lofiangibility. Difibienceot colour, 
thciofoio, is not a test of difference of reiiangibility, 
and tlie conclusion doducetl by Newton is no longer ad- 
missible as a geneial tiutli. By tluB analysis of the 
bpcctium, not only with bluo glass but with a vancty of 
coloui cd media, Sn Band Biews ter, so justly celebiatetl 
foi his optical disco venes, lias pioyed, that the solar 
spectium consists of tlnee pnmaiy colorns, lod, yellow, 
and blue, each ot which exists tin o ugh out its wliolo ex-« 
tout, but with different degiccs of intensity in different 
paits, and that tho superposition of these tluco pio- 
duces all the soyen hues accoiding as each pnmary 
coloui is m excess or defect. Binco a ceitain poition 
of led, yellow, and bluo lays constitute white light, 
the coloui of any point of the spectium may he con- 
bidcicd as consisting of tho piedominatmg coloui at 
that point mixed with white light Consequently, by 
absoibing tho excess of any coloui at any point ol tho 
spectium above wlmt is neca>saiy to foim white light, 
auchj white light will appear at that point as nevor 
moital eye looked upon beioie tins oxpoiimont, since it 
possoBBCs the lemaikablo piopeity of lomaming tho same 
after any numhor of lefiactions, and of being capable oi 
docompoBition by absoiption alone 

When the pi i sin is very peifect and tho sunbeam 
small, so that tho spectrum may bo leceived on a sheet 
of white papoi in its utmost state ot punty, it piosents 
tho appeal anco of a libbon shaded with all the piism* 
a tic colorns, having its breadth mcgulaily stuped 01 
subdivided by an indefinite numboi of daik, and soine- 
times black, linos, Iho greater numboi of thebe laylcss 
Uueb aio so oxtiomcly lmnow that it ib impossible to 
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see them m ordinary circumstances, Tile best method 
is to receive the spectrum on the olyect glass of n 
telescope, so as to magnify thorn sufficiently to lender 
them visible. Tins cxpoument may also be made, but 
in an imperfect manner, by viewing a nauow slit be- 
tween two nearly closed window shutters through a veiy 
excellent glass prism held close to tlio eye, with its re- 
fracting angle parallel to the line of light. When tho 
spectrum is formed by the sun's rays, either dnoct or 
indirect — as fiom the shy, clouds, rainbow, moon, or 
planots — the black bands me always found to be m 
the same parts of the spectrum, and undoi all encum- 
stnnces to maintain the same rolativo positions, bicadtbs, 
and intensities Similar dark lines are also seen m tlie 
light of the stars, in the electric light, and m tho flame 
of combustible substances, though difffeiently ananged, 
each star and each flame having a system of dark lineB 
peculiai to itself, which remains the same undei every 
circumstance. Di Wollaston and M Fraunhofer of 
Munich diecoveied these lines deficient of rays inde- 
pendently of each othei M Frounhofei found that their 
number extends to neaily six hundred. Fiom tlioso 
he selected sevon of the most remarkable, and deter- 
mined their distances so accurately, that thoy now foim 
standard and invariable points of lofeicnce foi measur- 
ing the lefiactive powers of diffbient media on tho mys 
of light, which lenders this department of optics as 
exact as any of the physical sciences The lays tlmt 
me wanting in the solar spectrum, which occasion the 
dark lines, are possibly absoibed by tho atmosphere of 
the aun If they were absorbed by the earth's atmo- 
sphere, the yory same lays would bo wanting in tho 
spectra fiojn the light of the fixed stars, which is not 
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the case, foi it has already been stated that the position 
of the daik lines is not the same in spcctia fiom stai- 
lighb ami from tho light of the sun The solai lajs 
reflected fiom the moon and planets would, most likely, 
he modified also by their atmospheres, but they are not, 
foi the daik lines liaye precisely the same positions 
in tho spcctia, fiom tho duect and leflected light of 
tho sun. / r 

A sunbeam looeived on a screen, aftci passing 
tlnough a small lound holo in a window-shutter, 
appeals like a lound win to spot , hut when a pi ism is 
interposed, tho beam no longei occupies the tame space. 
It is sepal ated mto tho pusrrmtio coloius, and spiesd 
ovei a line of consuloiablo length, wlnlo its bieadth le- 
manis tho same with that of the wluto spot. Tho net 
of spreading 01 separation is called the dispeision of 
the colouied iayB Dispersion always takes place in 
tho plane of lefi action, and is greatei as the angle of 
incidence is greater, Substances hayc very diffeient 
dispersive poweis That is to aay, tho spectra foimed 
by two equal pilama of different substances, under pre- 
cisely tho same on cum stances; aio of diffeient lengths. 
Thus if a pusm of flint glass, and one of ciown glass, 
of equal-refracting anglos, be piesentcd to two lays of 
whito light, it will ho found, that the space ovei wluch 
tho colouied rays mo dispci sod by tho flint glass is 
much greater 'than that pioducad by the crown glass, 
and as the quantity of dispersion dopendB upon tho ie- 
fiftoting angle of tho pnsm, the angles of the two pnsms 
may ho made bucIi, that when tho pnsms mo placed 
cloflo togetlici with then odgos turned opposite ways, 
they will exactly oppose each olhci'e action, and will 
refract the colouied jays equally but in conti aiy dnee 
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tions, so that ru exact compensation will he effected, anti 
the light will be icfiaoted without colom. 1 The 
aclnoinatic telescope is constiucted on thiB principle. 
That instrument consiste ot a tubo with an object-glass 
or lens at ono end, to hi mg the mys to a focus, 
and foim an imago of the distant object, and a magni- 
fying glass at the othei end, with winch to view the 
image tluu> foimed Now it w.is found that the object- 
glass, instead of making the lays convcige to one point, 
dispci bed them and gave a confused and colouied 
imago but by constructing it of two lenses in con- 
tact, one of flint and the othei of mown glass of 
eci tain foims nnd proportions, the dispei aion is coun- 
tei acted, and a poifcctly well-defined and colourless 
image of the object is foimed - It was thought to bo 
impossible to pioduce refraction without coloiu, till 
Mi, Hall, a gentleman of TVoicestoiehire, constructed ft 
telescope on this punciple in tho yeai 17^3, and 
twonty-flvo ycais after wards the achiomatic telescope 
was hi ought to perfection by Mi. Dollond, a celobiated 
optician m London, 

A pcifectly homogeneous coloui is vciy laicly to bo 
found, hut the tints of all substances aro most brilliant 
when viewed in hglit of then own colom The lod of 
a wafer is much moie vivid in icd than in white hglit , 
whereas, if placed in homogeneous yellow light, it can 
no longer appear icd, because there is not a lay of red 
in the yellow light. AVeio it not that tho wafer, hko 
all othei bodies whotlici coloured 01 not, 1 effects will to 
light at its outer surface, it would appeal absolutely 
black when placed in yellow light. 

Aftei looking Htoaddy foi a elioit time at a colom eft 
1 Nolo ISO a NotolW. 
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object, such as a led wafei, on turning the even to a 
white substance, a green image of the wafei will appeal 
which ia called the accidental coloui of red All tints 
liavo thru accidental colours —thus the accidental 
coloui of oiangc 10 blue, that of yellow ia indigo , oT 
grcnij 1 eddish- white , of blue, oiangc-ied, of violet, 
yellow, and of while, hlach, and vice vojsd When 
the duect and accidental colours aie of the same rnten^ 
wily, Ujo acoulcntal is then called the coraplemenbuy 
coloui, because any two coloma aie said to be comple- 
rnentaiy to one another which pioduce white ulien 
combined. 

l ? iom recent experiments by M Plateau of Brussels 
it appears that two complcmcntaiy coloui s Bora direct 
impression, which would produce white when combined, 
pioduco black, 01 extinguish oneanothei by then union, 
when accidental ; and also that tlio combination ot all 
the tints of the boIiu Bpcctmm pioduces white hght if 
they Ihj from a duoct impression on the eye, whereas 
blackness leeults fiom a union of the same tints if they 
bo accidental According to Bit David Brewster this 
phenomenon hna been long known, but attiibuted to the 
effect of accidental coloui s on the eye, and not to their 
aotual combination , because an accidental coloui can- 
not bd Combined witli anothoi like the lays of ordinary 
colours, When the eye seea an accidental colour, 
Buoli a* tm apoidenlal red, it is at die time insensible to 
CYory other colour If then the retina be instantly ex- 
cited by anothci accidental coloui, as an accidental 
gicon, for example, the eye will sec blackness, not be- 
causo the accidental led and the accidental green com- 
pose black, but because the eye has been successively 
rendered insensible to tho two coloui s which compose 
while light, When the imago of an object is impressed 
o £ 
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on the retina only foi a few moments* thepictuie left is 
exactly of the same coloui with the object, but m an 
oxtiemely shoit tune the pictuie i b succeed o< 1 by the 
accidental image If the pi evading lmpiesuon be a 'vciy 
strong white light, ite accidental image is not black, but 
a vanety of coloms in succession With .1 littlo atten- 
tion, it will geneially be found that, wbenevoi the oyo is 
affected by one pievaihng colom, it sees at the bamo 
time the accidental colony in the same mannci ns m 
music tho eai is seiiBiblo at once to the fundamental note 
and its liftimomc sounds, The imagination Iihb a 
poweifnl influence on oui optical impicssions, and has 
been known to levivo tho images of highly luminous 
objects months and even yeais afterwaids. 
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f rh *rsi r m l iniu tumui atory tiii ort or nciur — 
1 m«r miom o* l umr — 'UKUjos’h rjhch — mlasurj-mujt 
ill 1 III MMWHiir NIK WAY**! OL JIQJ 1 X, ANJ) oi 1111 lnr- 

1 ji f si * up rut viau \rmfffl ok- 1 i iipr t or 1 alii coiouu — 
h>tw niH 1 * m \n oi 1 or mi rs — ‘imiRAcmoN 01 nam — 1 

>|R HIIIN II^UMJIH’h nil C 1 IIY 01 nil- ARSORPIIONOI UQHT — 

nxiHAirios \NH Ml riM now ui j iqjit 


fC 1 h 1 hn nntl mniit of Inn immediate successois imagined 
lftflil to Im a nitilounl nubstnnu , emitted by all aolf-ln- 
jtilnmirt liiulii a 111 I'MiMiu ly minute poi tides, moving in 
straight linen with pimligunw velocity, which, by im- 
}*it'giiift iipmi llie oi*lii’ ih’ivoh, produce the bcrmation of 
lipbl Mirny of tin* ohwivcd phenomena have been 
^tin, -dully 1 \pliiiui d by this thcoiy , it uoems, how 
t *Mr, (ntnlly himU’ipiatu to account foi tlio Mowing 

«. iriiiniHlinKcH. 

H lim ivu> equal inyn of led light, pioceeding fiom 
two lumiitOH* points, fall upon n Bhoet of whito pnpei in 
n daik room, liny will pioduco a icd spot on it, winch 
■will he twice hh blight ns either iny would piodnco 
idngly, provided the iliilbroitcc* in tho lengths of the two 
In miiN, from llio luminoila pointt to tho icd spot on the 
mm, 1» ounily the 0 00002A8th pint of an inch lho 
Wttim- i-nu-t will liAe l*l«ec if tho diffciencc in thow 
Uugllu Ik- livin', thill* tnnt'B, font tmica, &«, that 
nuimuiy. Hut 11 ihe clliU'U'itce in tho lengths i of tho 
Urn M)« he equal to on.' lialf of tho 0 000020 8 dip ar 

•>r ... im-i,, ... ... lu. ■ 1. si, *= t» V"' Z „ £ 

v#lU ciillndy eKUuRiwdi tlie olltoi, ami m P 10t 

dnrkULM on lho m*i' wlicio the united bennw 
a 3 
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fall If the diffmencc in the lengths of then paths ho 
equal to the 1±, 3± See . of thoO OOOOBflStli V*' oC 

an inch, the led spot aimng the combined hemns 
■will he of the same intensity which one alone would, 
■prod nee If violet light ho employed, tho di/Toienco in 
the lengths of the two beams must ho equal to the 
0 0000157th part of an inch, in oidui to pioduco tlm 
game phenomena , and for tho othei colours, the ill Ifcroncc 
must be intermediate between tho O'O 000258 111 niul the 
0-00001 57th part of an inch Simdai phenomena may 
he seen by viewmg the flame of a candle through two 
^ry fine shts in a caid extremely neai to ono anotlio *, 
or by admitting the aun’a light into a dark room lluough 
a pin-hole about the foitieth of an inch in dlamolei, and 
receiving the image on a sheet of wluto paper, When 
a slender wire is held m the Hgbt, its shadow consists oi 
a bright white bar strfjfdiil themiddlo, with a sorioa 
of alteinate black and brightly coloured stupos on on cl I 
aide The lays which bend lound the who 111 two 
streams are of equal lengths m the middle fltupo , ll ib 
consequently doubly blight from then combined affect ; 
hut the rays which fall on the papei on each sulo oi: tho 
bright stripe, being of such unequal lengths as to do- 
atroy one another, form black lines, On oach eulo of 
these black lines the lays are d£ain of Buell lengths m 
to combine to form bright stripes, and so on alter- 
nately, till the light is too faint to ho visible, VHion 
■ny homogeneous light is used, bucIi as red, tho niter- 
nations are only black and red , but on account of tho 
heterogeneous nature of white light, tho black Imos nlloi- 
hate with vivid stripes dr fringes of prlsmatio colours, 
tohutig from the superposition of systems of alternate 
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black lines and hneB of each homogeneous colorn That 
the alternation of black lines and oolouied fringes ac- 
tually docs (U1SQ fiom the mixtuie of the two streams 
of light which flow lounil the wire, ib pioyed by tlieir 
vanishing the instant ono of the sticams is mteiiupted 
It may thciotoio he concluded, as often db these stripes 
of light and daikness occui, that they arc owing to the 
rayfl combining at certain intervals to pioduce a joint 
oftect, and at othois to extinguish one anothei Now it 
is contiaiy to all om ideas of raattei to suppose that two 
pai tides of it should annihilate one anothoi nndei any 
cucumatanccs wlmtovor , while, on the conti aiy, two 
opposing motions may, and it is impossible not to he 
struck with the perfect smulanty between tlie inter- 
ferences of small undulations of air and wntei and the 
pieced mg phenomona The analogy is indeed so peifcct 
that philosopher of the highp^ authoi^y concur in the 
supposition that tlio celestial legions aie filled with an 
extiemely raio, lmpondciablc, and highly elastic medium 
or ctlioi, whoso pai tides aio capable of lecciving tho 
vibiatfons communicated to them by self-luminous bo- 
dies, and of tiansmitting thorn to the optic nerves, so as 
to pioduco tho sensation of light The acceleiation in 
tho mean piotion of Enoke’s comet, as well as m the 
moan motion of the comet discoveicd by M Biela, 
rondels tlie existence of such a medium almost certain 
It is clear that, in this hypothesis, the alternate stripes 
of light and darkness are ontnely the effect of tbe 
interfoi once of the undulation b , for, by actual mea- 
flmement, tlio length of a wave of the mean led lays 
of tlie solar spectrum is equal to the 0 0 0 0 02/38 th 
pait of an inchj consequently, when the elevation of 
the waves combine, they produce double tho intensity 
of light that each would do singly ; and when half a 
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wave combines with a whole, — tlmt 1 a, when tho hol- 
low of one wave is Ailed up by the elevation of an- 
other, darkness is the result At m toi mediate points 
between these extremes, the intensity of the light cone- 
aponds to m tei mediate diffciencos m the lengths of the 
rays 

The theory of interfeionccs is a pnilicnlm cnRt* ni the 
general mechanical law of the superposition of Hinftll 
motions j whence it appeals that tho di&tm bunco of a 
particle of an clastic medium, pioducedhy two coexistent 
undulations, is the sum of (lie iliaUnlmnccR which each 
undulation would produce sepmatol) , consequently, tho 
panicle will move m tho diagonal of a paittlldogiain, 
whoso aides nro die two undulations If, ihcrcfoic, tho 
two undulations agree in direction, or ucaily to, thu ie- 
Bolting motion will be vexy nearly equal to their amn, 
ami jn the asms direGtiqn; , if they neaily oppose one 
another, the vaulting motion will bo noaily equal to 
then difference , ami if the undulations bo equal oml 
opposite, the lesultant will ho zero, and tlio pailich* will 
lemain at lest 


The pieceding expeuraents, ancl tho infeiences de- 
duced »om them, which have led to the ostablihlnnonl 
Of the doctrine of the undulations of light, arc the moat 
splendid iaemomla of our lllggtiiouq comiti ymmi Dr 
Thomas Young, though Huygens was the flist to ori- 
ginate the idea 

It ie supposed that tlie particles of luminous bodies aio 
in a state of perpetual agitation, anil that they possess 
tp a property of exciting regulai valuations in tlio otlio- 
. medium, conesponding to the vihiations of thoU 
oirn molecules and that, on account oi its elastic no 

Z \° n : ipwtl0,e of tb0 athe) i when set In motion, com- 
wwtete* Its Vibiadohs to those accent, illicit in BUa , 
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cession tiansmit them to those faulioi off, so that the 
primitive nripulso is tiansfened fiom particle to particle, 
and tlio undulating motion tlai ts tliiougli ethei like a wave 
in watei Although the piogiessivc motion of light is 
known hy expenence to he umfoim, and m a sti aiglit 
line, the YihiatioiiB of the paiticles aic always at nglu 
angles to the direction of the lay, The propagation of 
light is like the apicadmg of warns in watei , hut if one 
ray atone be considered, its motion may be conceded by 
supposing a iopc of indoflmte length sti etched hon/on- 
tally, one end of which is hold in the hand If it ho 
agitated to and flo at leguhi nUeivolh, with a motion 
peipcmdioulfti to its length, a souesot Bimilai and oqual 
tremoia 01 waves will he piopngatcd along it, and it the 
legnlfti impulses bo gncii in a yanety of planes, as up 
and down, fiom light to loft, and also m oblique dnec^ 
tions, the successive undulations will take place in evoiy 
possible, plane An analogous motion m the otlici, whon 
communicated to the optic neives, would pioduce the 
sensation of common light It is evident that the waves 
which flow fiom end to end of the coul in a seipcntme 
fonn aie altogether diflcicnt fiom the perpendicular 
vibiatory motion of each particle of the iopc, which 
lievoi deviates for fiom a slato of leat &o m cthoi, 
each paiticlc vibiateb p^ipnidiculnily to tlic duection of 
tlio lay, hut those vibintiona aia totally diflbicnt from, 
and independent oP, tlio mid illations which aic tians- 
mitlcd thiough it, in tlio same mannci as the vibiatione 
of each paiticulai cm of com aic independent of tlio 
waves that msU fiom end to end of a hai vest-field whon 
agitated hy the wind 

The intensity of light depends upon tlio amplitude or 
extent of tlio vibrations of the pailicIcB of cthoi , while 
its coloui depends upon then frequency. Tho timo of 
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the vibiatlon of a paitido of othor is, 1 jy lhcoi/j "R the 
length of a wave directly and inversely as its velocity 
Now, as the velocity of light is known to be 102,000 
miles in a second, if the lengths of the wave a of tho 
different coloured rays could be nicasinetl, the liumlwi 
of vibiations in a second coneqpomhng to Cflch could bo 
computed , that has been accomplished as follows — 
All transpaient substances of a certain thickness, with 
parallel surfaces, reflect and ti anamit white light j but if 
they ha extremely thin, both flic reflected mid ti alls- 
mitted light is colomed. The vivid hues on soap- 
bubbles, tlie nulcboent eolouLb produced by lioat on 
polished steel and copper, tho fringes of coloui between 
the laimme of Iceland spar and sulphate of lime, all 
consist of a succession of hues disposed in tho Bamo 
order, totally independent of the colour of tho sub- 
stance, and determined solely by its gieater or lose thick- 
ness, — a circumstance which affords the moans or 
ascertaining the length of the waves of oach coJmucil 
ray, and the fiequeney of the vibrations of tho pm tides 
producing them If a plate of glass ho laid upon a Ions 
of almost imperceptible cuivature, boforo nn open win- 
dow, when they aie piessed togetlioi a black spot will 
be seen in the point of contact, surrounded by seven 
rings of Yivid colours, all differing from one anothci l 
In the fint ring, estimated from tho black spot, the 
colours succeed each other m tho following order* — 
black, very faint blue, brilliant white, yollow, oinngo, 
and red They are quite different in the othor rings, 
and in the seventh the only colours are pale bluish- 
green and \ery pale pink That theso rings aio formed 
between the two bui faces in apparent contact may be 
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proved by laying a prism on the lenflj instead of tlio 
plate of glass, and viewing t)\o lings through the in- 
clined Hide ol it llmt is next to tlio eye, winch auangc- 
inent piovcnts the light reflected fiom the uppci auifaco 
mixing with llmt from tlio sui faces m contacts ho tliat 
ihu m tennis between tlio rings appeal pei fcctly black, — 
one oi the strongest circumstances in Inyom of the un- 
dulatmy theory, for, although the phenomena of the 
lings can be explained by eithei hypothesis, thoie is tins 
material ditfbrcnco, that, according to the undnlatory 
theory, tlio inter vnls between tlie lings ought to be abso- 
lutely black, which is confirmed by oxpenroent; whore- 
on, by the emanating doctuno, they ought to bo half 
illuminated, which 10 not found to bo the cqbc iVL 
Fresnel, whose opinion ib of tho flint authonty, thought 
tins test conclusive, It may thcicfoio bo concluded that 
tlio rings nnsocntiicly horn thcmteifcience ol the toys 
the light reflected liom each of the surfaces in apparent 
contact readies the eye by palliB of differont length a. 
Anil produces colouml and dark lings alternately, ac- 
cording flb tire reflected waves coincide or dcBtioy one 
another. Tho breadth* of the unga are unequal, they 
docrcnsc iinvidth, and the colom a become more ciow tied, 
os limy recede fiom tho ccntio. Colour cd ungs me also 
pioduccd by transmitting light through the same appa- 
ratus ; hut tho coloms are leas vivul, and aro comple- 
mentary to ihosc reflected, consequently the central spot 
la white, 

Tlio bI/o of the lings mcieascB with tire obhtpnty of 
tlie incident light, tho unmo colour lcqunmg a gieatci 
thickness or spneo between tho glasses to pioduco it than 
when tlie light lolls porpcmhculaily upon them Now 
If tho apparatus Ihj placed m homogeneous instead of 
white light, the lings will all be of the same colom with 
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tli at of the light employed That is to l ^ ,G 

he iedj tlio lings will be led divided by 1}^°*^ Intel vn b* 
The size of the rings vanes with thecolo* 1 *" tU Q 

They aie laigoat In led, and decionse in "Wit x 

the succeeding pusm a tic colours, being atf* 1 it 1 violet 

light 

Suicg one of the glasses is plane and tb a ^llioi S 1 ) 1 1C “* 
rical, it is evident that, fiom the point oC Uic 

space between them giadufllly inci eases iU *icJct iesc » 
lound, so that a ceitam thicknesb ot an to 

each coloui, which, m the umlulntoiy syst 011 ^ mcasuies 
the length of tile wave pioducing it 1 13/ moa- 

auiement, Su Isaac Newton found that tl lG aquai ca of 
the (liameteiB of the brightest parts of ea c ^ 1 ***'£? mc ati 
the odd numbers, 1, 3, b } 7, &o 9 and aquai es 

of the thametciB of the darkest parts aio fta 0*0 ovoii 
nnmbeia 0., 2, 4, 6, &c. Consequently in tor vale 

between the glasses at these points arehn t^ 1G BniTio p»o- 
poition If, then, the thickness of the fU* C01 * ospaml- 
ing to any one coloui could be found, its for 

all the otheia would be known Now, Sjr Isaac 

Newton knew the radius of curvature of the IollKj find 
the actual bieadth of tbe rings in paits of inch* it 

was eafy to compute that tha thickness of au the tl civic - 
eet palJt of the first njig is the wfoll fll P® t ° r *» lnch ' 
whence^ll the otlieis liave been deduced Ab tlicse in- 
tervalb detenu me the lengths of tho waves on tlio tinclu- 
latoiy hypotheaiB, it appears that the length of fl ^nvo 
of the extieme led of the aolai apechum is cqunl to the 
0 0000266 th part of an inch, that the longth of ft wave 
of the extreme violet is equal to the O’OOOOI 6*7 til pint 
of an inch, and as the time of a vibration of* a x>arLido 
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of ether pioducing any particular colorn ib (hiectly as 
the Icngtl^ of a wave of that coloui, and mvcisely as the 
velocity of light, it followB that the molecules of ether 
pioducing the oxtiemo ledoi tho solai spectium peifoim 
458 millions of millions of vibiations in a second , anti 
that those pioducing the extiome violet accomplish 727 
millions ol millions of vibiations in the same time 
The lengths of the waves of the mtci mediate colours 
and the numhci of then vibintious being intei mediate 
between these two, while light, which consists of all 
the colouia, is consequently a mixtme of wa\es of all 
lengths botwocn the limits ot the oxtiemo led and vio- 
let* The determination of these minute poi turns of 
time and space, both of which have a leal existence, 
being tlio actual lesults of measurement, do aa much 
honom to the genius of Newton as that of the law of 
giavitalion 1 

The phenomenon of the coloured lings takes place in 
vacuo as well as in an , winch piovcs that it is the dis- 
tance between the lenses alone, and not the air, which 
produces the colours. However, if water or oil be put 
between them, tlio lings conti act, but no othei change 
ensues, and Newton found that tho thickness of diffeu 
ont media at winch a given Lint is seen is in the mvcise 
ratio of tlioh lcfiaclivo indices, ao that tho thickness of 
lam inte may bo known by their colorn, which could not 
otliciwise ho meamned, anil as tho positioii of the 
colouia in tlio lings it. invaiiable, they foim a fixed 
standard of comparison, well known as Newton's scale 
of colours, each tint being estimated according to tho 
ling to which it belongs fiom tile cential Bpot inclu- 
sively Not only the periodical colorn b which have been 
dosenbed, but tho coloms seen in thick pistes <of tianfl- 
paiont substances, tho vatlablc liues of fealheis, of m- 
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Beets' wings, and of Btuated substances, all defend upon 
the same puncdple To those may bo added tha co- 
loured fringes, Biinou ruling tlie shadows of oil bud 11% 
held, m au extiemely email beam of light, inifl iho 
colouied rings sunounding the small beam ithelf will'll 
received on a screen. 

When a very slentlei suubemn passing IhiOltgll u 
small pm-holo into a dark room, is icccived on a w lit to 
screen, or plate of giound glass, at the distance ol 11 
little more than six feet, the spot of light on the moon in 
larger ihan the pm-holc , and instead of being bounded 
by shadow, it is sunounded by a senes of colomed 
rings separated by obseme intei vah The ungH nro 
more distinct in piopoilion to tho smallness of the 
beam 1 When the light 10 white, there arc only tinea 
lings, which dilate or contract with tho distance of ilia 
screen from the hole. As tho distance of the jbcioon 
diminishes, the white central spot contacts to ft point 
and vanishes, and on approaching still licarei, tho nngfl 
gradually close in upon it, so that the contra nsmnnca 
successively the most intense and vivid hues When 
the light is homogeneous, as ied, foi example, the ilnga 
are alternately red and black, ami moic nnmorous , and 
their breadth vanes with the coloui, being bioadcst in 
red hght and nairowest in violet Tho tmte of tho 
coloured fringes from white hght, and thou obligation 
after the third ring arise fjom the eupei position of Iho 
different sets of fringes of all the coloured iaya* Tho 
shadows of object* are also boidercd by coloured 
fringes when held m this slender beam of light. If tho 
edge of a kmfe or a hair, for oxample, he hold iu it, 

Un? x^ya, instead of proceeding in straight linos past 

'i ' < 
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its edge, aic bent when quite close to it, and proceed 
from thence to the Hciccn m curved lilies^ called hypei- 
bolas j bo that the shadow of the objoct ib oulaiged , and 
instead ot being at onco bounded by light, is Buuounded 
01 edged with coloured lunges, alternating with black 
bands, which aie moie distinct the smallei the pin- 
hole. 1 The lunges aie altogether independent of tho 
foim oi density of tho object, being the same when it is 
lound oi pointed, when of glass oi plntina. Wkeu 
tho lays which foim the fnnges ai n\e at the scieen, 
they aro of diffeient lengths, m consequence of the 
cuivcd path they follow aftci passing the edge of the 
object, Tho waves me theiefoie in diffeient phaBCB or 
states of vibiation, and cithci conspnc to foim colomed 
fnnges oi dcstioy one anothei in the obflcme intei vols 
Tho colomed fnnges boideiing the shadows of objects 
woic fli st dcscubed by Gumaldi m 1665, hut besides 
these ho noticed that there aio others within the sha- 
dows of Blender bodies exposed to a small sunbeam — a 
phenomenon wlncli has aheady been mentioned to have 
afforded Ur Young the means of pioving, beyond all 
conti ovci By, that colomed rings aie pioduced by tho 
intoifoienco of light 

It may bd concluded, that matonal substances deuve 
then colours fiom two diftbient causos some fiom tho 
Iaiv of mtcrfeioncc, such as iridescent metals, peacock's 
feathers, &c , and others fiom the unequal absoipUon of 
tho rays of white light, such as yeimihon, ultiamanue, 
blue oi giccn cloth, floweis, and tho greater numbei of 
coloured bodies* The latter phenomena have been con- 
sldeicd extiomely difficult to icconcilo with tho undula- 
toiy theory of lights and much discussion haB amen «b 
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to what becomes of the absorbed lays. But that 011^ 
barrs^ing question has been ably anaweiecl by tfn John 
Tlerschel in a most profound paper, On the Abruption 
of Light by coloured Media, and cannot bo bctloi given 
than in lna own woi <H It must, howcvci, be piomiHcd, 
that as all tranapaient bodies Hie tiavoiscd by light, 
they are presumed to be peimcablc to tho other. He 
says, "Now, a* regaids only the gcncial fact ol tho 
obstruction and ultimate extinction of light in its pas- 
sage thiough giosa media, if we compaio tho COipUSClillU 
and undulfltoiy thconcs, wo shall find that the fomicr 
appeals to oui ignoiance, tlie laltei to oui knowledge, 
for its explanation of the abBoiptive phenomena In 
attempting to explain the extinction of light, on tho 
corpuscular doctrine, we have to account for tho light so 
extinguished aa a matenal body, which wo rnuat not 
suppose annihilated It may, however, be hansformed , 
and among tho lmpondeiable agents, heat, oleotiioity, 
file, it may ba that we are to search foi the light which 
has become thus compaiattvely stagnant, Tho homing 
power of the solar lays gives &p)imd facie plausibility 
to the idea of a transformation of light into heat by ab- 
sorption, But when we come to examine tho mutter 
more nearly, we And it encumbered on all sides with 
difficulties How is it, foi instance, that tho most lu- 
minous rays aie not the most calorific, but that, on tho 
contrary, the calorific energy accompanies, mila giofttoat 
intensity, rays which possess compai ©lively feeblo illu- 
minating powers ? These and other questions of simi- 
lar nature may perhaps admit of angwei in a more 
advanced state of our knowledge, but at prcaont ihdie 
is nqne iolmous It 10 not withoat reason, fchoioftno, 
that tha question, f What becomes of light ? 1 which 
appears td have been ©stated imorifr th#> r»l» nlrtl nib a-T 
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tlio last ccntmy, has been legai clod aa one of consideu 
able importance ns well as obscurity, by the coipuBculai 
philosoplioia. On tile other hand,, the answci to this 
question, affbidcd by the undulatoiy theoiy of light, is 
pimple and distinct The question, € What becomes of 
light ? 1 meiges in the raoio geneial one, f What be- 
comes of motion?’ And the answei, on dynamical 
punciplcB, is, that it continues foi evei, No motion is, 
atnctly speaking, annihilated; hut it may be divided,, 
and tlio divided paits made to oppose and, m (fleet, de- 
gtioy one another* A body struck, howevei peifectly 
elastic, YibratfiB foi a time, and then appeals to sink 
into its onglnal lepose But this apparent icst (even 
abstracting from the enquny that pait of the motion 
which may be conveyed away by the ambient an,) ib 
nothing olso than a state of subdivided and mutually 
deploying motion, in which eveiy molecule continues 
to bo agitated by an indefinite multitude of internally 
reflected waves, propagated tluough it in ovciy possible 
dneclion, fiom oveiy point in its surface on winch they 
tmcccssively impinge. The superposition of such waves 
will, it is easily been, at length opeiate then mutual 
destruction, which will be the more complete the moie 
nrogulai the flguio of the body and the gi eater the mtm- 
boi of internal leflections*” Thus Bn John Ilei schel, 
by lefeirmg tlio absoiption of light to the subdivision 
and mutuftl dcBtniotion of the vibiations of ether m the 
intouoi ol bodies, bungs anotliei class of phenomena 
imdei the laws of the undulatoiy theoiy. 

The dlicienl medium peivadlng apace is supposed to 
ponotiato all matenal substances, occui>ymg the intei- 
eticcs between their molecules; but in the mtenoi of 
rcfiacLino; media it exists in a state of less elasticity 
compaied with its density in vacuo ; and the moio ic- 
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fracLive the medium, the less the elasticity of the cthci 
withm it Hence the waves of light aio transmitted 
with less velocity m such media sb glass and water than 
in the external ethei As soon as a ray of light icachcs 
the surface of a diaphanous leflectmg substance, for 
example, a plate of glass, it communicates its undula- 
tions to the ether next in contact with tho aurfacc, 
which thus becomes a new centie oi motion, and two 
hemisplieucal naves aie piopagated from each point of 
this suilnce, one of which piocecds foi wind into tho 
mtcnoi of the glass, with a less velocity than tho inci- 
dent wave, and the other is tiansmitted back into tho 
au, with a velocity equal to that with which it came 1 
Thus when lefi acted, the light moves with a different 
velocity without and within the glass , when lcflccted, 
the ray comes and goes with the same velocity. The 
particles of ether without the glass, which communicate 
their motions to the pai tides ot the dense tuneless elastic 
other within it, aie analogous to small elastic ballB 
stiikmg laige ones, foi some of the motion will he 
communicated to tho laige balls, and tbe small ones will 
ho reflected The that would cause the lefractcd wave , 
and the last, the reflected, Conversely, when tho light 
passes from glass to au, the action is snnilm to laige 
ballB striking small ones The email balls lcceivo a 
motion which would cause tho lefractcd ray, and the 
part of tho motion retained by the laige ones would 
occasion the leflocted wave , so that when light panes 
through a plate of glass or of any other medium diffei- 
ing m density from the air, theie is a lcflcction at both 
surfaces, but this difference exiBts between tho two 
reflections, that one 10 caused by a vibiatign in the same 
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dncction with that of the incident lay, and the other by 
a Yibiation in the opposite direction 

A single wave of an oi ethei would not produce the 
sensation of Bound or light In older to excite vision, 
the vibiations of llio molecule* of other must be legular, 
periodical, and vory often i opcatcd , and aa the ear 
continues to be agitated for a short time aftci the im- 
pulse, by winch alone a sound becomes continuous, so 
also the Abies of the letma, according to hi. d’Arcet, 
continue to vibiato fo] about the eighth pai t of a second, 
aftei the exciting cause has ceaBed Every one must 
liaye observed, when a strong nnpiession is made by a 
bught light, that the object remains visible foi a shoit 
time after shutting tho eyes, winch is supposed to be in 
consequence of the continued nbiations of the Abies of 
the letina- Occasionally the ictina becomes insensible 
to feebly illuminated olyccts when continuously pie- 
sented If tho eye bo tinned amde foi a moment the 
object becomes again visible It is piobably on this 
account that the owl makes so pccuhai a motion with 
its head when looking at objects m the twilight It is 
quite possible that many vibrations may be excited in 
tho ethereal medium incapable of pjoducing undulations 
in the flbics of the human retina, winch yet have a 
poworful efibet on those of othei animals or of insects. 
Such may leccive luminous impulsions of which wo 
aro totally unconscious, and at the same time they may 
bo insensible to tho light and coloma winch affbet oui 
eyes, their peiccptionB beginning where ouis end. 
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Is giving a sketch of tlio constitution of light, iUh im- 
possible to omit the oxtiaouhnaiy piopoty of uh polar- 
ization, “ the phenomena of winch/ 1 Sir Jolm Huiscliol 
says, ff are bo singulai anti YiuioilH, that to one who Jiaa 
only studied the common brandies of physical optica, 
it is like eiitcmig into a now wmld, ho splendid w to 
lender it one of tlio most delightful hi audios of experi- 
mental enquny, and so feildc m the mows it Inyn open 
of the constitution of naluinl bodies, and tlio minuter 
mechanism of the muvorwjj an to place it m tho vory 
first lank ok the phvsico-imithcmnUcal bcioiicl% which 
it maintains by the ngoioua application of geometrical 
leasomng its naliuc lulimls and roquuoa." 

Light is said, to bo polai i/cd, winch , by bung onco 
leflcctcd m refracted, is londeiod incapable of being 
agam reflected or refracted at certain angles, hi genu- 
ral, when a lay of light is iu fleeted fioin a pane of 
plate-gloss, or any olhoi substance, it may bo lefloolcd 
a second time from anothoi sminco, timl it will also pan 
freely through transparent bodies. Hut if n ray of light 
be reflected from a pane of plate-glass at an angle of 
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57°, it is 1 endued totally incapable of reflection fit the 
suifaco of anothei pane of glass m ccrtQm doflmto po- 
sition s, but it tv ill bo complotcly i effected by tbo second 
pane in othci positions. It likewise loses tho pio- 
peity of ponetiating tianspaicnt bodies m paiticulai 
positions, whilst it is ficely tiansmittcd by them in 
othci s, Light so modified as to be mcapoblc of le- 
flection and tiauBimssion m certain dnecUom, lb saicl 
to bo polauaed Tina namo was ongimdly adopted 
from nil lmngmaiy analogy in the anangemenfc of the 
paiticles of light on die coipusculai doctnno to die 
poles of a magnet, and is still lctmiicdm tbo irodulatoiy 
diooiy 

Light may bo polamed by leflectton fiom any po- 
lished. sutface, and Lbc same piopcity is also imputed 
by lcfiaclion* It is pioposcd to explain these methods 
of polauamg light, to give n shoit account of its most 
lcmaiknblo piopcitics, and to cndcavom to dcscnbc a 
few of the splendid phenomena it exhibits 

If a biown touimalmo, winch is a mineral gonorally 
crystallized in diefoim of a long pnsm, bo cut longi- 
tudinally, that is, paiallcl to the axis of tho pusm, into 
plates about the tlmtieth of an inch in thickness, and 
the suifaccB polished, lummous objects may bo soon 
thiough them, as tlnougb plates of coloiued glass 
The axis of each plato is, m its longitudinal section, 

nllcl to tho axes of the pi ism wlicncc it was cut 1 
If ono of these plotes be held peipondiculaily between 
tho eye and a candle, and turned Blowly iouiuI in its 
own plane, no change will take place in tho image of 
tho catulle, But if tho plate bo hold in a fixed position, 
with its aMB oi longitudinal section vcitical, when a 
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second pinto of touimalmois intci posed between it and 
tlio cyej parallel to the fhat, and turned slowly round 
in its own plane, a remarkable chango will be found to 
have taken place in the nature of the light, Foi the 
imago of the caiulle will vanish and appeal alternately 
at every quaitei revolution of the plate, vaiying tluough 
all degrees of brightness down to total, 01 almost total 
evanescence, and then moi casing again by tbo samo 
dcgiocB as it had befoio decreased. These changes 
depend upon the lelative positions of the platos Wien 
tile longitudinal sections of the two plates are paifttlol, 
tho buglitnesH of tho image is at its maximum , and 
when tlie axes of tho sections cross at right angles, the 
image of tbo candle vanishes Thus tho light, in pass- 
ing through the flist plate of tourmaline, has acquired 
n property totally different fioni tho clnect light of tho 
candle. The dnect light would have penetrated tho 
second plate equally woll in all dn actions, whoieas the 
rofVaotcd ray will only pass through it m paitioular 
positions, and is altogothei incapable of ponetiatingit 
ill othois Thoiefractcd lay is polarized m its passage 
through tho flist tommnlmc, and e\pcrfenco allows that 
it novor loses that pioperty, unless when acted upon 
by a new substance, Thus, ono of the piopcrlioa of 
polaiuod light is piovcd to be the incapability of pass- 
ing through a plato of tourmaline peipcndicular to it, 
in certain positions, and its ready ti anemias Lon m other 
positions at right angles to the foimoi 

Many other Biib stances have thopioporty of polauzlng 
light. If a ray of light falls upon a transparent mo- 
dluirij winch has the same teinpmaturo, density, and 
atryotuie throughout every part, as fluids, gasos, glass, 
&o», and a few regularly crystnljued minerals. It is re- 
fracted into a unglo penoil of light by tho laws of oidi- 
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naiy lcfiaction, accouling to 'whicli the iay, passing 
through the lefraeting surface from the object to the 
eye, never quits a piano pcrpendiculai to that Biuface 
Almost all other bodieB, such as the gi cater n umbei of 
crystallised rmncials, animal and vegetable substances, 
gums, resins, jellies, and all solid bodies having unequal 
tensions, whether from unequal tempeiatme or piesBUie, 
poBBcas the piopeity of doubling tlio image 01 appeai- 
ance of an object seen tluough them m ccitain direc- 
tions* Because a ray of ltatinal light falling upon them 
is refi acted into two pencil^ which move with different 
velocities, and aie more 01 less sepaiated, accouliiig to 
the natmc of the body and the dncction of the incident 
uy Whenever a i ay of natural light is thus divided 
into two pencils, in iU, passage tlnougli a substance, 
both of the transmitted lays aio polmiAHl Iceland 
spar, a caihonate of limo, winch, by its natural cleavage, 
may be split into the foim of a rhombohedron, possesses 
tho propoity of double refraction in an eminent degue, 
as may ho seen by pasting a piece of papei, with a largo 
pin hole in it, on the aide of tho spai faitliest from the 
oyc The hole will appeal double when held to tho 
light 1 One of these pencils is lefracted accouhng to the 
same law, as in glass 01 watei, novel quitting the plane 
perpendicular to tho lefraoting surface, and ib theie- 
fore called the oidmaiy lay But tho othei does quit 
that piano, being lefi acted aocoiding to a diffeient and 
much more complicated law, and on that account ib 
called the extiaouhnary iny lor the same leason one 
image is called the oi dinar j, and the other the extra- 
ouhnaiy image When the spai is turned lound m 
the saino plane, tho cxtiaoidnmiy image of the hole 
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revolves about tho ouhnaiy imago, which regains fixed, 
both being equally blight Hut if tho apai be kept in 
one position j and viewed tlnougli a pinto oi tourmalino, 
it will be found that, as tho toiumnlino 1 evolves, the 
images vary 111 their lclafcivc bughtness — one mci eases 
in intensity till it anives at a maximum, at the shuic 
tune that the othei diminishes till it vanishes, nml so 
on alternately at each qumter lovolution, pioving botli 
lays to be polarised F01 111 0110 pobilion the touimoliuc 
transmits tlie ouhnaiy iny, and lcflccts the cxtiaoriln* 
nary, and aftei levolving 90°, the extinordmaiy lay 1* 
tiansmitted, and the 01 dinary lay IB reflected, Thus, 
anothei pioperty of polaiucd light is, that it Uinnot be 
divided into two equal poncils by double rehnction, in 
positions of the doubly lefi acting bodies m wlncli a 
lay of common bght would be so divided 

AVere touimalino Idee otlici doubly lefiacting bodies, 
each of the tiansnntted rays would be double, but that 
mineral, when of a certain thickness, aftei sepal atmg 
the light into two polamcd pencils, nbboibs one of 
them, and consequently ahowt only one image of an 
object On this account, touimalino is peculiarly fitted 
for analy/mg polained light, which shows nothing ro~ 
maikable tall viewed tlnougli it 01 some thing equivalent, 
The penulB of light, on leaving a doublo ieh noting 
substance, aie p&ialld, and it is cleai, fiom the pio 
ceding experiments, that they aie polarised m planes at 
nghfc angles to each othoid J 3 ut that will bo hotter 
understood by considering the change pioducod m com* 
mon hght by the action of the polau/mg body, It lias 
been shown that the undulations of otlior, which pr<u 
dues tho sensation of common light, aio peifoimed in 
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eveiy possible idane, at light angles to the dnection in 
wlncli the lay ie moving But the osbo is veiy diffeient 
aftei the lay has passed thiough a doubly 1 eft acting 
substance., like Iceland spar. The light then piocccdb 
in two parallel pencils, whose undulations aie shll in- 
deed, tnuisvciao to the duection of the lays, hut they 
aie accomplished in planes at light angles to one an- 
othoi, analogous to two poioUel sti etched colds, one of 
which pcrfoims its undulations only in a hoii/ontal 
plane, and the otliei in a vertical or upnglit plane. 
Tims tho polftiizmg action of Iceland spai, and of all 
doubly refracting substancos, ib, to sepal ate a lay of 
common light, whose naves 01 unditlaLions ore m 
oveiy piano, into two paiallel rays, whose wnvtt or un- 
dulations ho in planes at right angles to each othci 
Tho ray of common light may he assimilated to a lound 
iod, wheiens the two polarized rays aie like two paiallel 
long flat luleis, one of which is laid horizontally on its 
broad sin face, and the other hoi izon tally on it a edge. 
'I ho alternate tiansimesion and obstruction of one of 
these flattened beams by the tommaline is similar to 
tho faedity with which a thin sheet of papci, or a card, 
may he passed between tho Lars of a giatmg, 01 wires 
of a cage, if presented edgeways, and the impossibility 
of its passing in a (Inaction transveiso to the openings 
of tho hais 01 wires 

Although it generally happens that a ray of light, in 
passing thiough Iceland bpfti, is scpaiatcd into two 
polan/cd lays, yet them is one dnection along wlncli it 
la icfi acted m one lay only, and that acoouhng to the 
oidinaiy law. This direction is called die optic axis 1 
Many ciystals and otliei substances have two optic axes, 
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inclined to each other, along which ft my of light ib tramu 
lmttecl in one pencil by the law of ordinary lofi action, 
The extiaoubnary lay 1 b sometimes lefinctcd towards 
the optic axis, as in quart/,, /neon, ico, &c , which am, 
thciofoio, said to bo positive ciystalfl, but when it is 
bont fiom tlio optic axis, rs m I col and spai, tourmaline, 
cmoiold, beiyl, &c , the ciyBtnls ftio negative, which ib 
the most numerous class The ordinary lay moves with 
umfoim velocity within a doubly i of i acting bubslanco, 
but tho velocity of tho cxtiamdmaiy ray vauefl with tho 
position of tho lay 1 datively to tho optic axis, being a 
maximum when its motion witlun the ciystal is at right 
anglos to the optic axis, and a minimum wlion parallel 
to it Between those extiomos its velocity varieB nc„ 
coiding to a deteiminate law. 

It had been lnfenod fioin the action of Iceland Rpar 
on light, that, in all doubly i of) acting mibsUmccs, ono 
only of the two iaya ib turned asido fiom the piano of 
ordinal y lcfiaotion, while the othei follows the 01 dinary 
law, and the great difficulty ol observing tho phcao- 
mcna tended to conflim that opinion, M, Fiosnol, 
however, pioved, by a most profound mathematical en- 
quiry, d prtouy that tho extraordmaiy iny must be 
wanting m glass and othei uneiyatalh/cd substances, 
and that it must necoswuily oxiBt m oaibonato of lime, 
quoit/, and othei bodies having one optic axis, but that, 
in the numerous cIrbs of substances winch possess two 
optic axes, both iaya must imdcigo oxtiaoidnmry 10 - 
fmctlon, and consequently that both muflt deviate from 
their original piano, and theec loeults have been per- 
fectly confhmcd by subsequent oxpoumonts. Tins 
theory of refraction, which, for generalisation, ia per- 
1 apB only i nfor loi to tho law of gravitation, has enrolled 
the name of Frcimcl among those which para not away, 
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and mak his early loss a subject of deep legiet to all 
who take an intoicst in the higher paths of scientific 
rcscai ch 

Panes of glass, if sufficiently numerous, will giye a 
point iml beam by refraction It appeals that, when a 
beam of common light is pnitly leflected at, and pmtly 
transmitted tluougli, a tianspaient surface, die reflected 
and lefiactcd pencils contain equal quantities of polai- 
iycd light, and that then planes of polanzation are at 
light angles to one cnothei , hence, a pile of panes of 
glass will give a polauzed beam by lefiaction For if 
a lay of common light pass thiough them, part of it will 
bo polarized by the fliBt plate, the second plate will po- 
lan/e a pai t of what passes thiough it, and the ieBt will 
do the sumo in succession, till the whole beam is polai- 
I7cdj except wlmt is lost by lcflcotion at the different 
surfaces, oi by absorption This beam is polarized in a 
plane at right angles to tho plane of leflechon, that is, 
at light angles to the plane passing through llie incident 
and reflected lay. 1 

By far tho most convenient way of polarizing light is 
by lofloction A pane of plate-glass laid upon a piece 
of black cloth, on a table at an open window, will ap- 
pear of a umfoim bughtness from tho reflection of the 
sky 01 clouds But if it be viewed through a plate of 
tommalme, having its axis vertical, instead of hemg illu- 
minated as befoie, it will be obBcmed by a largo cloudy 
spot, having its centre quite dark, which will readily be 
found by olovnting or depressing tho eye, and will only 
bo visihlo when the angle of incidence is 57°, that is, 
when a lino fiom the oyo to tho contio of tho black spot 
makes an angle of S'J° with the suiface of the rcflectoi a 
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TVhen the touunRline is tinned round m its own plane, 
the daik cloud will dimmish, ami entnely vanish whon 
the axis of the touimaline is honzontal, and thou every 
part of the surface of the gla&s mil bo equally illuminated 
Aa tlio touimahne 1 evolves, tho cloudy spot will appear 
and vanish altei nately at cvei y qwu tei 1 evolution Time, 
when a ray of light is mcidont on a pane oi plnU'-glASb 
at an angle ot 57°, the leflccted my is lcndoied inca- 
pable of penetiatmg a plato of touj malmo whose a\n 
is in the plane of incidence Consequently it lias ac- 
quned the same chaiactei as if it had hcen polnuaed by 
tiansmission tlnough a plate of tounrmlnio with its a\ia 
at right angles to the plane of lcfloction. It is found by 
experience that this polanzed lay is incapable ol n 
second reflection at certain angles and m ceiUun posi- 
tions of the incident plane Foi if nnothoi pane of 
plate glass, having one suiface black oned, ho bo placed 
8 b to make an angle of 33° with the l effected ray, the 
image of the that pane will be roflcctcd m its Biuface, 
ami will be altei liatoly illuminated and obscured at UYcry 
quarter i evolution ot tho blackoncd pane, accoiding as 
the plane of reflection is paiallel oi poipcndiculai to llio 
plane of polarmtion* Since this happens, by whatever 
nie^s the light has hcen polnuzed, it evince** another 
property of polarized light, which is, that it Ib 
incapable of reflection m a piano at light angles to the 

plane of poUrmtuta* 1 


' i jsuffacefl ire capable of polarizing light, 

****** ^ of at which It is completely 

is ijrv substance. l It Rppoant 

67° J in orovm-gliws it 
fa 66 t>$, and tto ray will be wmpletoly polarised by 
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watoi, unless the angle ot incidence be 53 ° 11/ The 
angles nt winch diffeicnt substances polfuizc light aie 
detei mined by a vciy annple and elegant law,, disco\eied 
by 9n David Jlicwstei, “ TJiat the tangent of the polar- 
izing angle for any medium is equal to tile sine of the 
anglo of incidence divided by the slue of the angle of 
reh action of that medium/ 1 Whence also the icfiactive 
powoi even of au opaque body is known when its polar- 
izing angle has been detei mined. 

Metallic substances, and such as aio of high icfiactive 
powers, like the diamond, polan/o liupoifcclly. 

If a ray polnmed by iefi action oi by loflcction from 
any substance not metallic, bo viewed tlnough ft pieco of 
Iceland spai, each image will alteiimtoly vanish and ic- 
appeal at every quaitoi involution ot the spai, whether 
it revolves fiom light to loll, oi fiom loft to light, 
winch shows that the piopoities of the polau/cd my are 
symmetuud on each side of tlio piano of polmi/ation 

All hough tliero lie only one angle in each substance 
at wlucli light is completely polauzed by ono reflection, 
yet it may bo polarized at any anglo of incidence by a 
sufflciont number of lcflocuons For if a 1 ay falls upon 
tlio uppei smfaco of a pile of glass at an anglo greatei 
oi loss than the polarizing angle, a part only of the re- 
flected lay will be polauzed, but a pai t of what is tians- 
nutted will be polau/cd by lefleotion at tho suifnco of 
the second plate, pait at tlio tlind, and so on till tho 
whole polau/cd, Tina is the best appaiatns, but a 
plate ot glass hiving its infcuoi Bin face blaokoncd, or 
oven a polished table, will answei the pui pose. 
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jmagss moDiroio by roi abided Irani tabsino muouaii 

CBYbP M B UAVIVQ ONF AND TftO OPTIO AXES CIRCULAR 

YOlARlZVnO\ . — FllliriCVt rof ARIiATIOV DIBCOVKTlirS 

OF JIM RIOT, FBBflNFI > AND PROFESSOR AlllY COIOUREP 

JMAGIS PRODUCED BY THE IMTRl FBI NCfC Or Tor A1U/F1> RAYS 

Sirou is tlic nature of polan/ed light and the laws it 
follows But it 11 haidly posable to convey an idea of 
tlio splendour of the phenomena it exhibits uudei cir- 
cumstances which an attempt will now be made to de- 
flciibe 

If light polarized by leflection from a pane of glass 
be viewed through a plate of tourmaline, with its lon- 
gitudinal section vertical, an obacuie cloud, with its 
centie totally dink, will be seen on tlio glass* Now, let 
a plate of mica, uniformly about the thirtieth of an inch 
in thickness, niteipoBCd between the touimahne and 
the glass ; tlio dark spot will instantly vanish, and in- 
stead of it a succession ol the most gorgeous colours 
will appear, varying with every inclination of the mioa, 
from the richest reds, to the most vivid greens, blues, 
and purples,! That they maybe seen in perfection, tho 
mica must revolve at light angles to its own plane 
When tlio mica is turned round in a plane perpendicular 
to tlie polarized ray, it will be found that there are two 
,JindR in it where the colours entirely vanish These aro 
the op&o aKea of the mica, whioh is a doubly refracting 

- 1 i NrteSO* i 
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substance, with two optic axes along which light is ie- 
fracteil m one pencil 

No colours aie visible in the mica, whntovei its posi- 
tion may be with legal d to the polan/ed light, without 
tlie aid of the tom malm o, winch scpai a tea tho trans- 
mitted lay into two pencils of colomed light comple- 
ments y to one anotliei, that is, which taken together 
would make white hght One of these it absoibs and 
tiansnnts die othci, it is theicfoic called the analysing 
pinto The tiuth of this will appeal moio leadily if a 
film of sulphate of hmc between the twentieth and 
sixtioth of an inoh thick be used instead of tho mica. 
Whon the film is of uniform thickness, only one colour 
will bo seen when it is placed between tlie analyzing 
plate and the leflccting glass, as, for example, ied 
But when the tourmaline 1 evolves, the led will vanish 
by tlegiees, till the film is colomlcss, then it will assume 
a gieon hue, which will mcionsc and amve at Its maxi- 
mum when the tourmaline has turned tlnough ninety 
degrees, aftei that tho green will vanish and the led 
will lcappeiu, alternating at each quadrant Whence it 
appeals, that the tourmaline separates the light which 
has passed tlnough tho film into a led aiul a green 
poncil, and that m one position it absoibs the green and 
lota the ied pass, and m nnothei it absoibs the led and 
transmits the green. Tina is pioved by analyzing the 
ray with Iceland spar instead of touimahnc, for since 
tho spar does not absoib the light, two images of the 
sulphate of lime will be <seen, one led and tho othei 
gieon, and these exchange colours oveiy quarter ro vo- 
lution of the epai, tho ied becoming green and the 
groon ied , and whero the images ovoilap, tho colour is 
white, proving tho ied and gieon to bo complomontfliy 
to each othci, The tint depends on tlio thickness of 
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tho film. Pilma of sulphate of lime, the 000124 anil 
0’01818 of an inch respectively, give white lighj 111 
whatever position they may be held, piovnled tlioy bo 
perpendicular to tire polanzed lay, but films of nitei- 
medmte thickness will give all oolouis* Consequen tlyb 
a wedge of sulphate of lime, varying in thickness be- 
tween the 0 00124 and the 0 01818 of an inch will 
appear to ho striped with all colours when polnn/cd 
liglit is transmitted tlnough u A change in tho in- 
clination of the film, whethei of mica or sulphate of 
lime, is oYidontly equivalent to a vanation in thickness. 

When a plate of imca held as close to tho oye as po«- 
sible, at such an inclination a*? to transmit the polarized 
ray along one of lls optic axes, is viewed thiough th c 
tourmalme with its axis vertical, a most splendid ap- 
pearance is presented The cloudy spot, which is in 
the difootion of tlie optic axis, is seen suiroundod by * 
set of vividly coloured lings of an oval form, divided 
into two unequal parts by a black cm veil bund passing 
through the cloudy Bpot about which tho rings nro 
formed. The other optic axis of the mica exhibits b 
similar imago 1 

Wlion the two optic axes of a crystal make a small 
angle with one another, as m nitre, the two seta of 
rings touoh externally, and if tho plate of mho bo 
turned round in its own piano, the black taansYCiflO 
bands undergo a variety of changes, till at last tile whole 
pichly coloujed imago assumes the foim of the figuie S 
, traversed by a black ctobs , 2 Bubs tan cea having ono 
axis hove but one set of coloured circular urge, 
wi{Ji]abrbaci black cross passing through its ceptio and 
i' nKyJdipg the rings into four equal parts. TPhon thq 
Wefly^g ftlate revolve this figure a*ourfi- at every 
i.NobSOS, >' Not? 906. 
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quaitei levolution, but m the mteimediate positions, it 
assumes the coinplcmentaiy colouis, the black cross be- 
coming white 

It ib m vain to attempt to describe the beautiful pjie- 
nomena exhibited by innumerable bodies, till oi which 
undeigo penodic changes in foim aud coloui when the 
analyzing plate rovolvos, but not one of thorn shows a 
trace ol coloui without the aid of tpuimalmc 01 some-* 
thing equivalent to analyse the light, and as it woe to 
call these beautiful phantoms into existence Tommnline 
has llio disadvantage of being itself a coloui ed substance, 
but that inconvenience may be avoided by employing 
a reflecting suifaco as an analyzing plato When polar- 
ized light is leflcctedby a plate of glass at the polaii zing 
angle, it will ho sepaiated into two coloui ed pencils, and 
whon the analyzing plato is turned lound m Ub own 
plane, it will alternately loflectcach lay fet evei y Quarter 
revolution, so that all the phenomena that have been 
dcscubed will bo seen by reflection on its suifaco 

Coloured rings arc produced by analyzing polnnzed 
light transmitted through glass melted and suddenly 
oi unequally cooled, also m thin plates of glass bent with 
the hand, m jelly indurated or compiesaed, &c &c In 
short, all tlie phonomena of coloured rings may bo pro- 
duced, either permanently or transiently, in a variety of 
substances, by heat and cold, rapid cooling, compres- 
sion, dilatation, and induration , and so little appaiatus 
is necessary for performing the experiments, that, as 
Sir John Ilerscliol observes, a piece of window-glass or 
a polished table to polauzc the light, a sheet of clear ice 
to pioduco the rings, and a broken fragment of plato- 
glass placed nesr tlio eye to analyze the light, aro alone 
requisite to produce one of the most splondid of optical 
exhibitions, 
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It lias been observed that, when a lay of lights po- 
larized by reflection from any suiface not metallic, n> 
analyzed by a doubly icfiacting substance,, it exhibits 
piopeities which Rie eymmetucal both to the light and 
left of the piano of lefleotion, and the lay is then said to 
lie polarized according to that plane. Tins symmetiy is 
not destroyed wlion the lay, hcfoic being analyzed, tra- 
verses the optic axis ot a ciystal having hut one optic 
axis, as evidently appeals from tho cnculai form of the 
colouiecl lings aheedy dcscnbed Regularly cijstnllized 
quaitv, 01 lock crystal, bowevei, fonus an exception 
In it, even though the lays should pass through the 
optic axis itself, wlreio tbeie is no double iefi action, the 
pnmitive symmetiy of the ray is destroyed, and the 
plane of pinmtLve polarization deviates eiLhci to tlio 
light 01 left of the obbeiver,hy an angle proportional to 
the thickness of the plate of quaitz Tins angular 
motion, or true rotation of llie piano of polarization, 
which ii called cnculai polarization, is clcaily piovod 
by the phenomena The coloured lings pioduccd by all 
crystals having hut one optic axis aio cnculai, and tra- 
veled by a black cioss concentric with the rings, so 
that the light entucly vanishes tluougliout tho Bpace en- 
closed by tho interior ring, because iheic 10 neither 
double icfi action noi polauzation along the optic axis> 
But in tho Bystcm of 1 ings produced by a plate of quai tz, 
whose surfaces are peipendiculai to the axis of the 
crystal, the part within tire interior ling, instoad of 
being void of light, is occupied by a mufoim tint of' 
red, green, or blue, according to the thickness of the 
plate , 1 Suppose the plate of quartz to be ^ of an inch 
^thlpk, which will give the red Unt to the space within 
interior ring, when tho analyzing plate is turned in 
r 1 Hole 907 
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its o wn plane through an angle of the led hue 

vanishes If a plate of rock ciystal, 4 ^ of an inch 
thick, be used, the analysing plate must 1 evolve tlnough 
35° before tlio red lint vanishes, and so on, eveiy ad^ 
ditional 2jtli of an inch m thickness lequning an addi- 
tional lotation of 17 ^°, whence it is manifest that ihc 
plane of point l/ation l evolves in tlio ducction of a bpiial 
within the lock ciystal It is lcmaikahlo that, in some 
ciyhtals of quait 7 , the plane of polaiivation levolves 
fioin light to left, and in otheia fiom left to light, al- 
though the crystals themselves difFci appaiently only by 
n voiy slight, almost impel cep tiblo, vancty m foim In 
these phenomena, the lotation to the light is accom- 
plished accoiding to the same laws, and with the same 
encigy, as that to the left. But if two plates of qumt7 
he uitei posed which possess diffoicnt Affections, the se 
coiul plate undoes, oithei wholly oi pnitly, tlie lota- 
toiy motion which the fiist had pioduced, accoiding as 
the plates are of equal oi unequal thickncBS When the 
plates aie of unequal thickness, the deviation is m the 
ducction of the strongest, and exactly tlio same with 
that winch a third plate would produce equal in thick- 
ness to the difference of the two, 

M Biot has discovered tho same propeities in a 
variety of liquids, Oil of tui pen tine and an essential 
oil of lauiel cause the plane of polau/ation to turn to 
the left, whoicas tho syiup of the sugai-cauc and a so- 
lution of natural camphoi by alcohol turn it to the light 
A compensation is effected by the superposition or mix- 
ture of two liquids which possess these opposite pio- 
poities, provided no chemical action takes place. Are- 
maiknble diffeionce was abo obseivcd by M. Biot 
between tho action of tho pin tides of tho Btime sub- 
stances whon in a liquid or solid state. Tho syiup of 
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giapes, for example, turns the plane of polanzation to 
the left fie long as it remains liquid,, hut eh soon as it 
acquires the solid foim of sugar, it causes the piano of 
polanzation to revolve towards the ught, a ptopeity 
■winch it letmna even when again dissolved Instances 
occur also in wluoh these circumstances aie levcrsetl 
A lay of light passing through a liquid possessing the 
powei of cncular polanzation is not affected by mixing 
other fluids with the liquid- — such as watei, elhci, al- 
cohol, Ac — which do not possess cnculai polau/atiou 
themselves, the angle of deviation lcmamlng exactly Lhe 
same as befoie tho mixtuie Whence M.Eiot infers that 
the action exemsedby the liquids in question does not de- 
pend upon thoir Dias s, hut that it is a moleculai notion 
exorcised by the ultimate panicles of matter, which 
only depends upon their individual constitution, and is 
entirely independent of the positions and mutual dis-< 
tances of the pai tides with legard to each other. This 
peculiar action of matter on light affords the means of 
detecting yanelies m tho nature of substances which 
have eluded chemical lesearch Foi example, no che- 
mical difference has been discovered between syiup fiom 
the sugar-cane and syrup fiom giapes Yet the fhst causes 
tho plane of polarization to revolve to the light, and 
the other to the left; therefore soma essential diffbrenco 
must exist in the nature of then ultimate molecules. 
The same difference is- to be traced between the juices 
of such plants as give sugar similar to that from tho 
cane aud those which give sugar like that obtained fiom 
i grapes. M, Biot has shown, by these important disco- 
veries, that circular polarization surpasses the power of 
1 chemical analysis in giving certain and direot evidence 
of (ho almlladty or difference existing in the moleoultu 
constitution of bodies, as well as of the permanency of 
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that constitution, or of the fluctuation b to which it may 
be liable ThiB eminent philosopliei 10 now engaged m 
a senes of expoumenta on the progressive change<nn tlie 
Bap of vegetables at different distances fiom thou loots, 
and on tlio products that aie formed at the vanous 
epochs of vegetation, fiom then action on polanzed 
hght 

Ono of the many brilliant diacovenes of M Fiesnelis 
iho pioduction of circulai and elliptical polamation by 
tlie mteinal reflection of light fiom plate-glass He 
has shown that, if light, polanzed by any of tbe usual 
methods, bo twice icflccted within a glass ihomb 1 of a 
given foim, tbe vibiations of the olhei that aie pcipen- 
diculai to tlie plane of incidence will be letiuded a 
qimrtci of n vibiation, which cauBcs the vibi ati ng pai- 
ticlcs to clcbciibc a cnculai helix, or cuive, like a coik-i 
sciou, Ilowcvei, that only happens when tlie plane of 
polaiuation ib inclined at an angle of to the plane 
of inaulencc, When these two phnes fonn an angle, 
eithci gioator 01 less, the vibrating particles move 111 an 
elliptical helix, which cuive may he repiesentcd by 
twisting a tin end in a spiral about an oval rod. These 
curves will turn to tbe light 01 left, accoidmg to tlie 
position of Iho incident plane 

The motion of the otheieal medium m elliptical and 
circular polarization may be lepiesentcd by tlie analogy 
of a Bti etched, coid , foi if the extremity of such a 
cord be agitated at equal and legular intei vals by a 
vibiatoiy motion cnluely confined to one plane, the cord 
will be tin own into an undulating cuive lying wholly m 
that plane. If to this motion theio he Bupei added an- 
otliei, similai and equal, but peipendicular to the flist, 
tlio coid will assume iho foim of an elliptical helix, its 
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extiemity will describe an ellipse, and evoiy molecule 
throughout its length will successively do tho same. 
Hut if the second system of Yibiations commence exactly 
a guaitei of an undulation later than the flist, tlio coni 
will take die form of a cnculai helix, 01 coikscicw j the 
extiemity of it will move umfonnly in a ciigIlv, nml 
eveiy molecule throughout tho cord will do the sumo in 
succession It appeals, therofoie, that both oiioular 
and elliptical polan^tion may be ptoduced by the com- 
position of the motions of two lays in which tho pai- 
tides of ethei vibiatein planes at ught angles to ono 
anothei 

Professor Airy, m a very piofound and able papci 
published in the Cambiidge Transactions, has } >10 veil 
that all the different kinds of polamcd light me 
obtained from rock ciystal Whon polau/ed light Is 
transmitted through tho axis of a ciyatal of quail/, m 
the emcigent ray, the particles of clhoi movo in a ciim 
cuJai helix, and when it is iiansmittcd obliquely, ao as 
tofoim an angle with the axis of tile pi ism, the particles 
of ether move in an elliptical helix, the ollipticUy in- 
creasing with the obliquity of the incident ray , so tlmt, 
when the incident ray falls peipcndicularly to tho axis, 
the particles of ether move in a stmight lino. Thus 
quart* exhibits every variety of elliptical pokii nation, 
even including the extreme cases wlioio the cxcontucity 
is aero, or equal to the gieatei axis of the ollipso.* In 
many crystals the two rays ore so httlo separated, that 
it is only from the nature of the transmitted light that 
they are known to have the property of double rofrac- 
tion, M Fresnel discovered, by experiments on tho 
properties of light passing through the axis of quarts?, 
that it consists of two superposed rpys moving with dlf- 
1 Note 406, 
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foicnt velocities, and Piofessor Any has proved that, 
in tlie&e two rays, the molecules of ethei vibrate in si-, 
imlai ellipses at nght angles to each othci, hut in dif- 
foient tin ecti one , that then elhpticity vanes with the 
angle wlucli the incident lay makes with the qmb , and 
that, by the composition of then motions, they pioduco 
nl] the phenomena of polarized light observed m qumta 

It appears from what has been said, that the mole- 
cules of ether always peifonn then vibiationB at light 
angles to the dnection of the lay, hut veiy difFeiently 
m tho vauou& kinds of light In natmal light the 11- 
hiations aic lectilineai , and in evciy plane Inoidmaiy 
polau/ed light they aic rectilineal, but confined to ono 
plane ; in cnculai polamation the vibiations are cu cu- 
lar; and in elliptical polauzation tho molecules vibiato 
m ellipses These vibiations me comiimmcated fiom 
molecule to molecule, in stiaight hues when they are 
rectilineal, in a cnculai helix when tlioy aie cnculai, 
and in an oval oi elliptical helix when elliptical. 

Some fluids possess tlia property of circulai polariz- 
ation, as oil of turpentine, and elliptical polauzation, 
or something aimilai, seems to he produced by reflection 
from metallic surfaces. 

Tho coloured images from polarized light anse fiom 
tho Interference of tlic lays 1 MM, Ficsnel and Aiago 
proved, by experiment, that two rays of polarized light 
Intel feio ami pioduco colouied fringes if they be pola- 
rized in thu same plane, but that they do not mterfeie 
when polarfoed in different planeB, In all intermediate 
portions, fnngeB of m toi mediate bughtnesa aio produced 
The analogy of a stretched coid will show how tl\is 
happens. Suppose the cord to be moved hackwaidB 
and loi wnids horizontally at equal intervals, it will be 

1 NotQfiOO 
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tin own into an undulating euivc lying nil m one plane 
If to this motion thcie bu bupciadded nnothei, similar 
and equal, commencing exactly half an undulation later 
than tlio fiiat, it l*. evident tlmt the duett motion eury 
moleculo will assume, in consequence of till' first ayidcm 
of waves, will, at cneiy instant, ho exactly nwiliah/ed 
hy the letiogindo motion it would lake m wilue nl the 
second, and the cold itself will he quit scent in cuiihc- 
queneo of tlm Intel feicnce But if the ammd system 
of waves be in a plane pcipendiculai to the ill hi, tlio 
effect would only be to twist the lope, ho tlmt no niUi« 
ference would lako place lln)H polau/ed nt light 
anglos to each otlioi may Mibhoquenily bo hi ought into 
the same plane without ncqunnig the piojurty of pio- 
(lucing colomed fj luges , hut if they belong to n pmtil 
tlie wholo of which was ongmally polaiiml in the Mime 
plane, they will lnleifcio 

The mannci m which the colomed linage aie former!, 
may be conceived by conbideiing tlmt, when jmhni/ccl 
light passes thiough the optic axis oi a doubly uiincung 
substance, — as mien foi example, — H is divided into 
two poneils by tlio analy/mg tounmlme ; ami ns one 
iay is absoibed, theio can be no intolfmeneo But 
when the polanrod light passes lluougli the nuui in any 
otlioi dlroction, it is sepmatod into two win to lays, and 
these aio again divided into four pencils by tlui tominn- 
line, winch absorbs two of thorn ; and tlio othei two, 
being tiansmittod in tlio samo plane, with diffluent 
velocities, intoifore and pioduco tlio coloured pheno- 
mena. If tlio analysis bo made with Iceland spar, tlio 
single ray pawing through the optic axis of tlm mien 
wJH he lefiaoted Into two rays po1mJsmd In diffluent 
platiety and no interference will happon. Butwhon two 
rayB itfo transmitted by the mica, thoy will bo separated 
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into fom by the spa a, two of winch will interfeie to 
form one linage, and tho othei two, by then intei- 
foicnce, will produce tlio complementary colours of the 
other imago, when tho spai has revolved thiougli 90° , 
because, 111 such positions of tho spai as pioduce tho 
colouicd images, only two lays aie visible at a time, 
the othei two being icflected Whon the analysis is 
accomplished hy loflcction, if two lays are transmitted 
by tho mica, thoy aie polan/ed m planes at right angles 
to each other* And if the plane of jeflectionof either of 
these lays he at light angles to the plane of pohuwation, 
only one of them will be leflccted, and theicfoie no m- 
torfoionce can tnko place , but in all othei positions of 
tho analyzing pinto both lays will be reflected in the 
same plane, and, consequently, will pioduce coloured 
lings hy then mtcifcicnco 

It is ovident that a gieat deal of the light we see 
must he polau/ed, since most bodies which have the 
power of leflcctmg 01 refi acting light also ha\e the 
powci of polauzing it* The blue light of the sky is 
completely polarized at an angle of 74 ° from the sun in 
a piano passing through his centio 

A constellation of talent, almost" unrivalled at any 
period in the history of science, has contubuted lo the 
theory of polanzation, though tho onginal discovery of 
that piopcityof light was accidental, and aiose fiom 
an occnncnce which, like thousands of others, would 
have passed unnoticed, had U not happened to one of 
tlioso laio minds capable of diawing the most impoitant 
infeicnccB fiom chcumstances appaiently tnfling In 
1808 , while M. Mains was accidentally viewing, with 
a douhly-refi acting prism, a hnlliant sunset lcflected 
fiom the windows of tho Luxembomg palace lnTanSj 
011 Uuning tho pnsm slowly lound, ho was smpused to 
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see a very great diffbrence m the intensity of the two 
images, the most refracted alternately changing fiom 
brightness to obscurity at each quadrant of involution. 
A phenomenon bo unlocked for induced him to invests 
gate its cause, whence apiung ono of the most elegant 
and refined blanches of physical optics, 
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OBJl OTlONB TO Tirr UNDDXiATORT riTFOR'i, FRO'M A DIFFERENCE 
IN riiy AC1ION 01 BOUND \ND IIQI1T UNDER THE SAME CIE- 

OUJIS1AN0FB, RFMOVFn A DUttCUrTY IN TUB DISrRXBlON OF 

I I0II1 REMOVED BY rROriSSOtt AIRY 

Tnu numeious phenomena of penodical colours ansing 
flora the inteifercnco of lights which do not admit of 
satisfactory explanation oil any othei principle than the 
undulatoiy theoiy, aie the strongest arguments m fa\oui 
of that hypothesis , ami even cases wlucli at one time, 
seemed unfnvoiu&ble to that doctune, have pioved 
upon investigation, to piocecd fiom it alone, Such ib 
the ciioncous objection which has been made, in con- 
soquonco of a difference ill tlio mode of action of light 
and sound, umlei the Bamo ciioum stances, in one parti-* 
culm instance. AVhen a ray of light fiom a luminous 
point, and a diverging sound, aie both tiansmitted 
through a vciy small hole into a daik room, the light 
goes straight forward, and illuminates a small spot on 
fho opposite wall, leaving the rest in darkness ; wheieas 
tho sound, on entenng, diverges in all dneotions, and 
is heard in every part of the room. These phenomena, 
however, instead of being at variance with the undula- 
toiy theory, aio direct eonsoquences of it, arising from 
tho very gieat difference between the magnitude of the 
undulations of Bound and those of light. The undula- 
tions oi light aro incomparably less than the minute 
aperture, while those of sound arc much greater There- 
fore, when bght diverging from a luminous point 
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enteia the hole, the rays lound its edges aie oblique, 
and consequently of di/Feient leugtliB, while those in 
the centie aie dnect, and neaily 01 altogetlici of the 
same lengths, So that the sin all undulations between 
the centre and the edgos aie in difFcicnt phases, that 
is, in diffeient states of undulation Tberefoio tlie 
gi eater numbei of them intei feie, and, by dcstioying 
one anotbei, produco daikness all aiound tlie edges of 
the apeifcuie, wheiens the central lays, having the 
earns phases, combine and pioducea spot of bngbt light 
on a wall 01 scioen dnectly opposite the hole The 
waves of air pioducing sound, on the contiaiy, being 
very Imge compmed with the hole, do not senmbly di- 
verge m poking tin on gli it, and aio there foie all bo 
nenily of the same length, and consequently in the same 
phase, or state of undulation, that none of thorn mter- 
foie sufficiently to destroy one anotliei Hence all tlie 
pai tide* of air in the room aro set into a state of vihi ation, 
so that the intensity of tlie sound is veiy nearly eveiy 
wheie the same, It 13 piobflble, however, that if tlie 
apeituie were laigs enough, sound diveiging fiom a 
point without would scarcely be audible, except imme- 
diately opposite tlie opening Strong as the pieceding 
cases may be, tlie following expenment, loceiitly pub- 
liahed by Piofeasor Airy, seems to be dociaive m favour 
of the undulatory doc tune Suppose a piano convex 
leiifl of very great radius to be placed upon a plate of veiy 
highly polished metal. When a ray of polarized light 
falls upon this apparatus at a veiy gieat angle of inci- 
dence, Newton's rings are seen at the point of contact. 
rButj as the polarizing angle of glass differs from that of 
rpetal, when the light falls on the lens at the polanzmg 
6 hglb of glass, the black spot and the system of rings 
Tanish. For although light in abundance continues to 
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be i effected from the Biuface of the metal, not a iay is 
1 effected fiom the surface of the glass that u» m contact 
witli it, consequently no inteifoiencc can tako place; 
which proves, beyond a doubt, that Newton's iniga 
result fiom the intoferonce of the light loflected liom 
the suilacos appai cntly In contact 1 

Notwithalamling tho successful adaptation of the an- 
dnlatoiy eyateni to phenomena, it cannot he denied that an 
objection still exists in the dispci sion of light, unless the 
explanation given byPiofesBOi Airy bo deemed sufficient. 
A sunbeam falling on a pi ism, instead of being refracted 
to a single point, is dispel sed, 01 scalteicd over a con-, 
sidei able space, so that tho rayB of tho colomcd spcc- 
tium, whose waves rig of dilFcicntlongthb, have dilfeient 
dcgieea of rofiangibility, and consequently movo with 
diffcient velocities, eithei in tho medium winch conveys 
the light fiom the sun, 01 in tho icfi acting medium, 01 in 
both , whereas it lias been shown that rays of all colours 
move with the same velocity If, indeed, the velocities 
of the vai ions rays weie different in space, the aberra- 
tion of the fixed stars, which is inveisoly as the velocity, 
would bo differ ont foi different coloum, and every star 
would appear ns a spectrum whose longth would bo pai sl- 
id to the direction of the earth's motion, which is not 
found to agiee with observation Besides, tliero is no 
such difference in the velocities of the long and short 
waves of air in the analogous case of sound, since notes 
of the lowest and highest pitch arc heard in the order 
In which they are Btruck The solution of tins anoma- 
lous case suggested by Piofessor Airy, from a similai 
instance in tho theory of sound, aheady mentioned, 
will be best understood in his own words u Wo lmve 
OYOry reason," he observes, “ to think that a pai t of the 
‘ Notom, 
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velocity of Bound depends upon the cncuinBtnnco dial 
tlie law of elasticity of the an is alteiccl by tho mstfuu 
taneouB developement of latent heat on compression, 
01 tlie contraiy effect on expansion. Now, it tins heat 
lequned time foi its develop o in ent, tho quantity of heat 
developed would depend upon tho time dining tthicli 
the pai tides lemamod in nciuly iho same lolulno Mate, 
that is, on the time of vibmtion. Consequently) the 
law of elasticity would bo different foi diftbienL tune# 
of Mbiation, or for diffeiont lengths of waves, and 
tlieiefoie the velocity of transmission would l>c difleiellt 
for waves of diffeieiit lengths If wo suppose wnno 
cause which is put in action by the vibution oi tlio 
pai tides to affect, in a similar mannoi, tho clastic! I y of 
the medium of light, and it wc conceive the degree of 
developemen t of that cause to depend upon lime, we shall 
have a sufficient explanation of the unequal icfinngr- 
bilifcy of different coloured lays.” Even should this 
viow he objectionable, instead of being nitipiibed llmt 
one discrepant case should occur, it is nstonifllimg to 
find the theory so ncaily complete, if it bo considered 
that no Bubjcct in the whole course of phyarco-inalhc- 
matical enquiry ja more ahatiuso than tho doctiino of 
tlie propagation of motion through clastic media, per- 
petually requiring the aid of analogy, fiom iho uncon- 
querable difficulties of the subject 
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uiu — cat niui ic RA-kS or nit soi ar. srFcinini — ciirmcAi 

1L \TS 01 11IL SOlAB Srj(ln.UM rXTJ imilNlS 01 MM DF 

TAItOUU AND MM TOM ON Iflf- TRANSMISSION 0! HXAT. — 
'Jilt- I oin r 01 0R1 VI tfir III u IN Til* boi \b si I CTRU'M V VULCS 
XViJU UIJ 1 UllSi YM 1 01 mi PHIllI ADSORPTION Ol lrtVT 

— nuuuiov 01 ir i« vi — mvv — iioab irobi — ryin — 

IlAlI COM |1 UJb J 10 \« JIIIAlVllON Ol BODH 8 B\ Hi VT 

utoi'vavTioN 01 in vr —taunt it*. yt — hut p*asuaihu 
10 C0NSI91 01 1111 UNOUIATIONS 01 \N 1 I YS1IC 21UJ1UM 

Ii is not by vision alone that a knowledge of the sun's 
iay« 19 ncquned, — touch pioves that lliey have the 
powei of lai&ing tho tempoiatmo of substances exposed 
to then action, and expeucncc likewise teaches that 
remaikablc changes aio effected by then chemical 
agemey. Sn William Ileiscliel discoveied that rays of 
calouc, which pi educe the sensation of heat, exist inde- 
pendently of those of light, when he used a pnsm of 
Hint glass, ho found the w aim 1 ays most abundant in 
tho daik apaco a little beyond the red extremity of the 
sol nr spectmm, from whence they deciease towards 
the violet, beyond which they aie lnseusiblo It may, 
tlieiefoic, he concluded, that the calouflo rays yaiy in 
rofiangibihty, and that those beyond tho extiemo red arc 
leaa lefiangible tlian any lays of light, Dr WollaBton,and 
MM.Hittoi and Beckman, discoveied simultaneously that 
invisible lays, known only by their chemical action, 
oxiBt in the daik flpaco beyond the oxtreme violet, 
whore there is no sensible beat These aro more lefran- 
glblc than any of the lays of light or heat, and gra- 
dually dcoicas© m lofiangibility towaids the other end 
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of the spectrum, whcia they conse Thus, the solar 
tfpectiuin ia proved to consist of five eupei posed spectra, 
only three of which arc vuiblo — tho led, yellow, and 
blue, each of the five vanes in lefiangibilily and in* 
tensity thjoughout the whole extent, tho Yibiblo part 
being overlapped at ono eternity by tho chemical, 
and at the othei by the calorific iaye The action of 
the chemical lays blackens the salts of silvei, and Lhoh 
influence ia daily seen in the fading of vogotublo colours. 
IVhat object they mo destined to accomplish in tho 
economy of nature lemains unknown, but ceitfuu it is, 
that the very existence of tho animal and vegetable 
ci cation depends upon tho calonflc rays. That tho 
heat-producing rays exist independently of light is a 
matter of constant experience in tho abundant omiulou 
of them fiom boiling watei Yet there is ovory reason 
to believe that both the calorific aiul cliomical lays nra 
modifications of the same agent which produces lllQ 
sensation of hght The rays of heat ate subject to lllO 
same laws of reflection and rofraction with thoao of 
hght. They pass through the gases with tho same faoi-< 
lity, but a remaikablo difference obtains in tho linns- 
miasmn of light and heat through most solid and liquid 
substances, the same body being often perfectly trnnspa* 
rent to the luminous, and altogether impermeable to thd ' 
calorific rays. The experiments of M. de Laroohc show 
that glaas, however thin, totally intoicopU tho obscure 
rays of caloric when they flow from a body whoso 
temperature ia lower than that of boiling water; that, 
as the temperature increases, the calorific iaya tuo bans* 
nutted raoT© and more abundantly, and when tho bo Ay 
becomes highly luminous, that they penetrate tho glnim 
With perfect ease. The veiy feeble heat of moonlight 
must be incapable of penetrating glass, coneoquontly it 
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iloes not sensibly affect the theimoraeter, even when 
oo ncen tinted On the conti aiy, the extierae brilliancy 
of the sun is probably the reason why his heat, when 
bi ought to a focus by a lens, is moie intense than any- 
th at can bo produced aitiflcially. It is owing to the 
enmo cause that glass screens, winch cntnely exclude 
the beat of a common flie > aie peimcable by the aolai 
calonc. 

Tho results of M De Larocholiave been confhraodby 
tlm rcconl expeuments of M Mellom, whence it appears 
tlmt tho calorific rays pass less abundantly, not only 
tlnongh glaBa, hut ihiougli lock- crystal, Iceland spar, 
and othoi diaphanous bodies, both solid and liquid, ac- 
coiding as the temperature of then origin is diminished, 
and that they me altogether intercepted when the tern- 
pciatuic is about that of boiling watei It is singulai 
tlmt tianspaiency with tegaid to light is totally diffeieut 
fiom the power of tiansmittmg heat In bodies poB- 
Beefling the same degree of trampaienoy for light, the 
quantities of hent which they transmit differ immensely, 
though proceeding from the same source The trans- 
missive power of certain BubBtances having a dark 
colour, exceeds by four or five times tlmt of others per- 
fectly diaphanous, and tho calorific rays pass instant- 
aneously through black glass perfectly opaque to light, 
The property of tiansmittmg tho calonflc rays di- 
minishes, to a certain degree, with the thickness of the 
body they have to traverse, but not bo much as might 
bo expected. A piece of vciy transparent alum trans- 
mitted three 01 fom times less radiant heat from the 
flnmo of a lamp than a piece of neaily opaque quartz 
about a hundred timos qb thick. However, the in- 
fluence of thickness upon the phenomena of transmis- 
sion increases with the decieqse of tempeiature in the 
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ouglu oT the rays, and bectmuH voiy p^reat 'when that 
temperature i* low. Till# i* n nrciiniatutioo Intimately 
connected with tho law ratahliidird by M,l>o Xrmochc^tor 
At. Molloni observed ihnt ilm di(lt*ion cc ** l>oiwucn the 
((iimiittli^a ol caloric Li mminiCU^l by tlio tlaine plate of 
glmu, expend mcccwlvdy In neural «otivces of hen 
diminished with dm iIiIihicnn nf the plate, ana vanished 
altogether at n (rrlnlu limit, mid that a film of mica 
innisinillwl the Mine ijiinimty id caloric wliotliei it war 
ex pom d lu Inciindi ureiil plulinn 01 to n. ninga of non 
Ik'fltul In 'Jb() p < Ku»ry tune lhaL 1u*nt i a latniBimucd 
through a nulwUinm, Jew of ft h obsorlicjcl. Poi 0 \~ 
uinple, ft arlnln quantity of heal la ubsoi’botl in passing 
through ft thin him of gift**; low of tlio name is ab- 
sorbed In traversing a second j and »Ull 1 o«Sj the thud. 
Whom lb re heat, wlileh ha* passed tluou^li one Btiatum 
of air, experiences n 1cm abiorplioii m cadi of the fol- 
lowing strata, mid may therefore lm px-ojmiyntml to a 
grentor distance hefora It is cxllngtiluhetl. 

Hlnce tlio powci of pcnoirnlblg glnos Incroaacs in pro- 
portion ns flit* railiftimg cnlmlo appionolioe tlsc slate of 
light, U Momod to imlicalo that Uiu afuno jiirlnciplo lakoa 
tho form of light or hem according to tlio in edification 
it rooelYOij nnd that tlio hoL raya arc only In vlslblo Jiglu, 
and light, luminous caloric. U wan nntmal to infer 
that, lu the gmdunl approach of Inviallxlo oaloilo to tho 
condition ami properties of luminous caloiclo^ tlio limai- 
hla rays muit at Aral Iw analogous to tl\o least calorific 
pan of tho nwctrum, which li at tho violet oxtiomity, 
an analogy which appeared to ho greater., l>y all flame 
being it hriLWoloi or blue, and only becoming white 
wb£t ll haa attained Ita groatcat Intonalty, r flnifl, m 
dlupkanoua hodloi tranimlL light with tl*o bhitoo fmiUity 
ttlnalioi 1 proceeding from dm sun or from a glow-worm,* 
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and that no substance had hitherto been found which 
inatan tan cously tiansmita radiant calouc coming from a 
Bomce of low tcmpcratmo, it was concluded that no 
such substance cx.istB, and the gicut diffeience between 
the tnmsrmssion of hght and ladiant heat was thus ie- 
fcircd to the natuio ot the agent of heat, and not to the 
action ot matter upon the calorific mys. M Melloni 
has, liowovci, (hscovcied in rock-salt a substance which 
transmit* radiant boat with tlio same facility whether it 
originates in the bughtest flame 01 lukewarm watei, 
and winch consequently possesses tbo same permeability 
with regard to bent that all diaphanous bodies have foi 
hght It follows, thcictoio, that tho impermeability of 
glast, and other substances foi boat qiiscs fiom their ac- 
tion upon the calorific lays, and not from the principle 
of heat, But, although this discoYeiy changeb tho le-^ 
ceiYcd ideas diawn fiom M. De Laiooho's experiments, 
it estabhshes a new and uuloohcd-foi analogy between 
these two great agents of nature. Tho probability of 
light and heat being modi 0 cations of tho same pnnciple 
is not diminished by the onloiifio iaya being unseen, foi 
tile condition of visibility or invisibility may only de-, 
pond upon the construction of om eyes, and not upon 
the natuie of the agent which pioducea these BeiiBaliona 
in us. The senao of seeing may be confined within 
ccitam limits. The chemical iaya beyond the violet 
end of tho spectrum may he too rapid, or not suf- 
ficiently excursive in then vibiationa to be visible lo 
the human eve; and tho calorific lays beyoud the 
other end of the spectrum, may not be sufficiently mpid, 
or too extensive, m tbeh undulations to affbet om optic 
noivos, though both may he visiblo to ccitam animals 
or inflects We aie nltogcthei ignorant of the peicep- 
Uohs which du cot tho car riei -pigeon to his homo, and 

it 2 
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tho vultuic to Ills pioy, bofoio he himself is visible oven 
as a speck m llio heavens; 01 of those m the antenna* of 
insects which wain thorn of the appioach of dnngoi. So 
likowiRo beings may exist on emlli, m tho au, 01 in the 
wateia, which hear sounds om cnis me incapable of 
hcaung, ami which seo lnya of light and heat ot which 
we aio unconscious Oui pcicoptions aucl faculties are 
limited to a vciy small poiUon of tlmt irmnenso chain 
of cxistcnco which extends fiom tho Cieatoi to eva- 
ncficonce Tho identity of action under similar cncum- 
sUinccs is ono of the strongest mguments m favoui of 
tho common nature of the chemical, visible, and ca- 
lonflc lays They aio all capable of lofloction from 
polished smfacos, of lcfiaction lliiougli diaphanous buIh 
stances, of poltulsation by lcflcclion and by doubly ro- 
liacling ciyatals, nono of these lays add sensibly to the 
weight of matter; their velocity is prodigious; they 
may bo concentiatcd and dispeised by convex and con** 
cava mmols; hghL and heat paBs with equal facility 
through lock-salt, and both arc capable of radiation , 
the chemical lays arc subject to llie snmo law of inter- 
foionco witli those of light , and although tho Interfer- 
ence of tho calorific rays hat not yet been proved, there 
In no reason to suppose that thoy diflbr fiom tho others 
in tins instance. As tho action of mallei in so many 
eases Is the same oil tho whole assemblage of rays, vlsi- 
blo and invisible, which constitute a solai beam, it is 
moio Ilian probable that the obscure, ns woll as the 
luminous part, is propagated by tho undulations of an 
imponderable othor, and consequently comes under tho 
iftino laws of analysis, 

Coloured glasses dammit rays of certain degrees of 
jofrmiglbility, and absorb thoso of otlior degrees* For 
oxamploj red glass absorbs tho moro refrangible i»y«. 
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fl nd tiansimta tho iod, which are the least lcfiangible* 
On the contiaiy, violet glass absoibs tlic leasticfrangible, 
find tiansimts the violet, winch aie the most lefrangiblc* 
Now M Mellon i has found, that although the coloui- 
mg matter of glass diminishes its power o! transmitting 
heat^ yet red, mange, yellow, blue, violet, and white 
glass, tiansmit calontic lays of all degiees of lefiangD* 
bility. Wheioas gieon glass possesses the peculiar pio- 
poity o! tiansmit ting tho least lcfiangible calonflc lays, 
and stopping those that aio most leliangible It has, 
thmofoie, tho Bfime clcctLvo action foi heat that colouicd 
glass has for light, and its action on heat is analogous 
to that ot red glass on light, Alum, and sulphate of 
limo, aio exactly opposed to gieen glass in then action 
on hont, by tiansmit ting the most lcfiangible lays with 
tho greatest facility 

Liquids, tho vauous kinds of glass, and probably all 
substances, whcthoi Bohd 01 liquid, that do not crystal-. 
Iibo lcgulaily, aro moio peivioua to the calorific ray 3 
according as they possess a gi eater refracting powei\ 
h'oi example, tho chloride of sulphur, which has a high 
1 ofr acting power, tiananuta more of the calorific lays 
than the oils winch have a less refraotiDg power , oils 
transmit moie ladiant heat than the acids, the acids more 
than aqueous solutions ; and the latter more thau pure 
water j which, of all the senes, has the least icfi acting 
power, and is the least per nous to heat, M Mellon! 
observed, also, that each l&y of the solar spectrum foL 
lows tho samo law of action with that of terrestrial rays 
haying then ongin m sources of different tempeiatuies , 
eo that tlio very lefrangiblo lays may be compared to 
tho heat emanating from a focus of high temperature, 
&ud the least refrangible to the heat which comes from 
jr. 3 
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rt source of low tcinprintnri'. Tim*. If dn 
rays cmoigtng Iroin n pii*in 1 h* imi<lr fhii'Ugh * 

layci oi water cmilmned 1 r*iv^^ n hu* I'l" 1 ** ,,r ^' lM * 11 
ivlll Ik) found lluit llirm* ruvH Millir * ln-4 m | 
through tho llquul, an much grtairr *« lh* l r ,f h n T«hi 
hty Is loss, Tin* ruyK oi In At (hui ir»* mlvd "i*h ih< 
Wuo 01 violet light pnHH hi gmtl ihmnlami’. vhih fhi*r 
\n tho ohicuiu prut which hilhm* ihr T| d h$Ju ar? 
almost totally niluctph il* Tin* llr*r» tin n Im* , < ItU 

tho heat of it lamp, itml tin' Iasi Jllm ib* r 4I * 
wntci. 

Those cm emu* ini 1 cm cxplnin flu* pit* wum«im *h*mt 1 
hy several phlloxnphcni with regard in the |uduf of 
gicnloatheat J11 the tudnr ppcflrnm, ulih h \nrh w ftHh the 
substance of the pi inn, HIr ’William fkmhrl. vrlm * m« 
ployodR prism of flint glnn, found llmi jaunt in In a Uni* 
Jwyoml tho ml extremity of tho apart mitt ; lmf, awnllng 
to M, Stjolwok, It ii iouiid (0 bo upon llic yrltow, nprot 
tho oiango, on (ho ml, or nl the dark limit pf tltf ml, 
ncconlfng ns the pnsm collid'd* of witter, milpluirU acid, 
ciown or flint glaw, Jf It lie lorollrcml that, In ilw 
Bpootruin from ciown glniN, tho maximum brat in In 
tlio rod part, nntl ihnt Uic *olor ray*, in imaging a 
mas* of water, suflbr Iomob luvcrMy nfl thrfr refrangi* 
bllity, it will bo coxy Lo uiulmlnikl the iruati of U10 
phonomonon In question. Tho tolir host which come n 
to tho anterior face of Lhe prinm of water con*J*t* pf ray* 
of nil degree* of rofrangiblllty. Now, tlio r*y* powm- 
ing tho Am no index of rcfrnoUon with the ml light 
auflbr a greater loai in pawing Ihrough Lhe prinin, thiu 
tho rays poMosilng tho rofrangiblllty of Uto omrtgo light* 
and tlio latter lute lou in their porngo than tlio heal of 
tho yollow. Thu*, tlio lowci, being Invcmly propor* 
llorial to tho degree of rofrangiblllty of tteh wy, etwrt 
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tho point of maximum licnt to tend fi om the red to- 
wards the violet, and thciefoic it rests upon the yellow 
pai t« Tho prism of sulphuric acid, acting similarly, but 
with loss cncigy than that ot watei, throws tho point of 
greatest heat on the mango, for tho samo lcasou, the 
ciown and flint glasB piisms tiansfei tlint point respect- 
ively (o the led and to its limit M Mellom, observ 
ing that tho maximum point of heat is tianslerred 
faitlior and faithoi towards the red ond of the spectrum, 
nocoidmg as the substance of tho prism is moic and 
moio peimcahlo to licat, mfcircd that a pnsm of look- 
salt, which possesses a gicator powei of tiansmitting the 
calorific lays than any known body, ought to throw the 
point of greatest heat to a considerable drslanco beyond 
tiro visible pint of the spectium, — ail anticipation which 
experiment fully confhmcd, by placing it as much be- 
yond tho dark limit of tho led iaya, as the red pait is 
distant fiom tho bluish green band of the spectium. 

■\Vhon lftdiant boat falls upon a suifnce, part of it is 
reflected and pait of it is absorbed, consequently the 
best loflcctois possess tho least absorbing powers. Tho 
absoiption of tho sun's rays is tho cause both of the 
colour and temperature of solid bodies A black sub- 
stance absoibs all the rays of light, and inflects none, 
and since it absorbs at the samo timo all the calorific 
rays, It becomes soonor wmm, and rises to a higher 
temperature, than bodies of any other colour Blue 
bodies come next to black in their power of absorption 
Of all the colours of the solai spectrum, tho blue pos- 
sesses loast of tho heating power, and since substances 
of a blue lint absorb all tho otlior colours of the spec- 
trum, they absorb by far the greatest pait of tho 
calorific rays, and lefloct the bluo whero tliay aro least 
abundant, Next in older come tho green, yellow, led, 
n 4 
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and, last of all, white bodies, winch reflect nearly all 
the rays both of light and heat. The tempei ature of 
very tiansparent fluids is not raised by the passage of 
the sun's lays, because they do not absoib any of them , 
and as his heat is very intense, tranapaient solids auest 
a very Bmall portion of it 

Ray0 of hedt pioceecl m diverging stiaight lines Irom 
each point in tho sui faces of hot bodies, in the sarao 
mannei as diverging lays of light dart fiom eveiy point 
of the surfaces of those that aio luminous. Heated 
substances, when exposed to die open an, continue to 
ladiate caloric till they become noaily of tile tomperaturc 
of the sm rounding medium. Tho ladiation is vciy 
rapid at flrBt, hut diminishes accoidmg to a known 
law, with the tempcratuie of a heated body It appeals, 
also, that the radiating power of a surface is inversely 
as its reflecting powor, and bodies that are moBt im- 
permeable to heat radiate least According to the ex- 
penments of Sn John Leslie, ladiation proceeds not 
only fiom the bui faces of subs tan ccb, hut also from the 
particles at a minute depth below it lie found that 
the emission is most abundant in a direction perpendi- 
cular to the radiating surface, and is more rapid Irom a 
rough than from a polished bui face ladiation, how- 
evei, can only take place in air and in vacuo , it is 
altogether imperceptible when the hot body is enclosed 
m a solid or liquid All substances may bo considcied 
to radiate cnlonc, whatever their tempeiftturo may be, 
though with different intensities, according to their 
nature, the state of then surfaces, and the temperature 
of tho medium into which they are bi ought. But 
dvery suiface absorbs, as well as radiates, caloric • 
and the power of absorption is always equal to 
that of radiation , for, under the samo circumstances, 
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wlucli becomes booh warm also cools rapidly 
There is a constant tendency to an equal diffbsion of 
cnloucj am go ovciy body m natuie is giving and ic- 
cciYing it at tlie anrao instant, each will be of uniform 
temperature when the quantities of caloric given and 
received dm mg tho same time are equal, that is, when 
B poifect compensation tabes place between each and 
n-11 tho lest. Oiu sensations only measure comparative 
degrees of heat when a body, such as ice, appears to be 
cold, it imparts fowoi calorific iayB than it leceives, 
wlion a substance seems to bo waim, ■ — for ex- 
ample, a Arc, — it gives more caloric than it takes 
The phenomena of dew and hoai-fioBt aio owing 
to this inequality of exchange, the oaionc radiated 
<lunng the night by substances on the nufaco of tho 
earth into a clear oxpanse of sky is lost, and no return 
ib made flora tho blue vault, so that then tOmpeintuie 
Binks below that of tho an, whence they abatiact a 
part of that caloric which holds the atmospheric hu- 
midity in solution, and a deposition of dew takes place 
If tho radiation bo great, the dew is fio/ien, mid be- 
come boat -frost, which is the ice of dew. Cloudy 
ireathei is unfavourable to the formation of dow, by 
preventing the free radiation of caloric, and actual con- 
tact is requisite foi its deposition, sinco it is never sus- 
pended in the air, liko fog Plants derive a great part 
of their nourishment from tins source; and as each pos- 
sessor, a power of radiation peouliar to itself, thoy aro 
Capable of procuring a sufficient supply foi then wants. 

Ilatn is formed by tho mixing of two masses of air 
of different temperatmes , tho colder part, by abstract- 
ing from tho other tlio heat wlucli holds it in solution, 
occasions tlio particles to appioacli each othci and 
form drops of water, which, becoming too heavy to be 
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sustained by the atmoApluno, Kink In ilmearlh by gwu- 
tnlion m the foiin of rain, Tim nnitatl ol two sii am 
of nn of diflhienl tampornUireH, moving inpidly in op- 
posite duoctioiiH, ocenHioiiH mi abundant pncipumluii of 
lam. When the inusKeH ol mi dillci wry iiimli m 
tompcuilmc, mid meet suddenly, had is foriHi d Thw 
lmppciiH fiequon 1 1 y in hot jiIuiuh mat n mlge ol nnmn- 
tmns, an In llui Hmuli ol Kianre , but no expUimimn 
ba« bnlmilo \mu given of tin* i'iuim* of l In* neve io hull-* 
fltoiiriR which occasionally take plan- oiM-\Um.ivr plains 
within tho liopim 

An ftfcimiulalinii of caloric invamhly pinduoe* ll^hl 
'with tho exception ol tho gn^m, all IkuIich wlmli mu 
onduro ibo kkjuIbIio dcgiec of hunt without t)mrni|K>Hl 
lion, begn^to emit light at tile mine loin pera lure , but 
■wlion the quantity of caloric 1 r ro groat ai to rundoi 
tho affinity of their component particle* less than tfndr 
n/Tlnl ty foi tho o\ygcn of Uic atmosphere, a chemical 
combination taken place with tho oxygen, light and 
beat mo evolved, and Hie in pinducod, fcmtlmnlMin — 
so osflontinl loi our comfoit, mid even existence — lakes 
plnco veiy cmuly, fiom tho mnall aniuity between iho 
component pm ta of atmospheric mi, 1 1m oxygen lmmg 
nearly In ft fico slate j but ab the enheflive Imre of llie 
particles of dlflbrcnt sulmlnncefl 1 h very un table, different 
dogieea of boat mo lequifitte (o produce tlnlr minima- 
tion, Tho tendency of heat to a Htate of equal diflhslou 
or equilibrium, either by indiaihm nr contact, makoH It 
nccewmiy that tho clienucnl combination which occasions 
combustion should take place Jnnumtanoomdy ; for if 
tha heat wno developed progrcailYoly, It wmdd bo dis- 
sipated by dogiecH, and would never accumulate lufh- 
donily to producu a lompoiaturo high enough for lit* 
evolution of flmnoi 
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It 18 a general law that all bodies expand by heat and 
conti act by cold The expansive foice of caloric has 
a constant tendency to oveicorae die attraction of co- 
hesion, and to sepaiate the constituent pai tides of 
solids and fluids , by tins sepaiation the attraction of 
aggregation is moie and moie weakened, till at last it 
is ontuely ovcicome, or even changed into lcpulsion 
By the continual addition of caloric, solids may bo made 
to pass into liquids, and fiom liquids to the aenfoira 
state, tho dilatation lneieuBing with the temporatuie, 
and every substance expands according to a law of its 
own Gases oxpand moie than hquids, and liquids 
luoio than solids The expansion of an 10 moie than 
eight times that of watoi, and the mciease m the bulk 
of watoi is at least foity-flve times gi eater than that of 
non Metals dilate umfoimly from the freezing to die 
boiling points of tfie theimometer , the umfoim ex- 
pansion of the gases extends between still widei limits, 
but as liquidity is a state of transition fiom the Bolid to 
the ncnfoim condition, the equable dilatation of liquids 
baa not ho extensive a range, Tins change of hulk, 
corresponding to die vanation of heat, is one of the 
most important of its effects, Bince it furnishes tho 
mdans of mcaBUimg relative temper atm e by the tliei- 
hiomotor and ^yrometei. The rate of expansion of 
solids vanes at dien transition to liquidity, and that of 
liquids is no longci equable neai their change to an 
abnfoim state. Theie nao exceptions, however, to the 
gcnoial laws of expansion, some liquids have a maxi- 
mum density concaponding to a ceitam tempciaturc, 
and dilate whether that tempoiatiue be increased or 
diminished* For example — watci expands wliethei it 
bo heated above or cooled below 40° Tlie solidifica- 
tion of Bomo liquids, and especially their crystallisation, 
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is always accompanied by an mcicaBe of bulk. Water 
dilates lapidly when cony cited into ice, and with a force 
sufficient to split the hsulcst substances The foimation 
of ice is, Ihcicfoie, a poueiful agent in the dismte- 
giation and decomposition of locks, opciating as one of 
tlie most effloiont causes of local changes m tho stuip- 
tuio of the ciust of the eaith, of winch wc have ox- 
penencc in the tiemendous t boulemens of mountains m 
Switzerland 

Tho dilatation of substances by heat, and thou con- 
tiaotion by cold, occasion such liiogulaiitiob in the late 
of clocks and watches, as would icndoi them unfit foi 
nstionomical oi nautical pui poses, wcic it not foi a 
veiy beautiful application of tho laws of unequal ex- 
pansion. Tho oscillations of a pendulum aie tho same 
as if its whole mass wore united in one dense pm tide, 
in a ccitaiii point of its longtb, called the con tie of 
oscillation. If tlie distance of this point from the point 
by which the pendulum is suspended, weie inyanable, 
the rate of tlie clock would be mvanable also Tho 
difficulty is to neutralise the effects of tempointure, 
which is peipctuolly increasing oi diminishing its 
length. Among many contrivances, Giaham's com- 
pensation pendulum is the most simple. lie employed 
a glass tubs containing mercury, Union the tubo ex- 
pands fiom tlie effects of heat, the meioury expands 
much more, so that its suifaco rises a little moio than 
tho end of tho pendulum is dcpiessed, aud the ccntio 
of oscillation remains stationary Ilairison invented a 
pendulum which consists of seven bais of steel and of 
brass, joined in tlie shape of a gi id iron, In such a man- 
ner that the bars of biass raise tho weight at the end 
of the pendulum as much as the bars of ateol depress 
it. In geueial, only five bars aro used, three being of 
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fltcel, and two a mixtiue of silvep and zinc The effects 
of tempeiatuie aie neutralised m chionometers upon 
fclio same piinciple , and to such peifecUon aie they 
hi ought, that tho loss 01 gain of one second in twenty- 
fom horns, foi two days running, would lender one 
unfit foi use Aocuiacy in suiveying depends upon 
tho compensation lods employed in measuring bases. 
Thus, the laws of the unequal expansion of mattei 
•judiciously applied, lmvo an immediate influence upon 
om estimation of tune, upon the motions of bodies in 
t hc heavens, and of tlicir fall upon the eaith , on the 
ffgmo of tho globe, and our system of weiglitB and 
measures, on oui commcice abioad, and the mensuration 
of oiu lands at home. 

Tho expansion of ciysEalhne substances takes place 
undoi very different cn cuinstances from the dilatation 
oi bucIi as aio not crystallised The lattei become both 
longer and tlnckoi by an accession of heat, wlieieas 
M Mitacheilioh hflB found that tho former expand 
diffeicntly in diffeient duections , and, in a particulai 
instance, extension m one direction is accompanied 
by conti action in anotlioi Tlie internal shuctuie of 
crystallised mattei must he very peculiar, thus to modify 
tho expansivo powei of bent, and so matcually to 
mfluonce the tiansmisaion of calono and the visible 
lays of tho speotium. 

Heat is piopngated with moie oi less lapidity thiough 
all bodies ; air ib the woist conductoi, and consequently 
lmtigatee the seventy of cold climates by pieseiving 
thc heat linpaitcd to tho earth by the sun On tho 
contiaiy, dense bodies, cspocially metals, possess tho 
powor of conduction in the greatest degiee, but tho 
tiansmisBlon lequucs time If a bar of lion, twenty 
inohea long, ho heated at one extioroity, the calono 



£54 rnorAGATiON or heat. bjoi, xxiy, 

takes fom mmuteB m passing to the othci The 
particle of the metal that is first heated communicates 
its calonc to the second, and the second to the tlmd , 
bo that the temper atuie of the intci mediate molcoule, 
at any instant, is mci eased by tho cxceBB of the tern- 
peiatuie of the flist above its own, and diminished by 
the excess of its own tem peiatuie above that of tlie^ 
thud That, howevei, will not be the tempeiatmo 
indicated by the theimometcr, because, as soon as the 
paiticle is moie heated than the eunoundiug atmo- 
splieic, it will lose its caloncby ladiation, m piopoition 
to the excess of its actual temperatuie above (hat of tho 
ail The velocity of tho dischaige is rtnectly piopor- 
tional to the tempei atuie, and inveisely aa tho length 
of tlie bai Ab tbeio are perpotual vaiiations ill tile 
temperature of all terrestrial substances, and of the 
atmospheie, fiom theiotation of the earth and itb levo- 
lution lound the sun, from combustion, friction, fo- 
mentation, olectncity, and an infinity of other causes, 
the tendency to lestoie the equability of tempornluro 
by the transmission of caloric must maintain all the 
particles of matter in a state of peipctnal oscillation, 
wluch will be more or les^ lapid according to tlio con-, 
ducting powers of the substances Thom tho motion of 
the heavenly bodies about then axes, and also lound 
the sun, exposing them to peipctual changes of tem- 
perature, it may be inferred that similar causes will 
pioducc like effects in them too Tho revolutions of 
the double BUua show that they aie not at lCBtj aiul 
though we aie totally ignorant of the changes that may 
be going on in the nobulco and millions of other remote 
bodies, it is moie than piobablc that they aie not in 
absolute i eposo , so that, as fai qb oui knowledge ex> 
tends, motion scema to be a law of matter, 
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Heat applied to tlie Burface of a fluid ib piopagated 
down wauls vory slowly, ilia waiinci, and consequently 
lightor strata, alwayB lomaimng at tlio top TIhb ib tho 
lcfiflon why tho watcn at the bottom of lakes led fiom 
alpino chains is bo cold , foi tho heat of the sun is 
ti ansi used but a little way bolow tho surface When 
heat is applied below a liquid., the pai tides continually 
rise na they become bpcciflcally lighten in consequence 
of the calono, and difFu&o it tluough the mass, tlion place 
being peipotuolly supplied by tlioae that aio more dense, 
Tho power of conducting heat vanca matcualiy in dif- 
feient liquids Moicmy conducts twice as fast as an 
oqiial bulk of watci, which is tho leason why it appeals 
to be bo cold A hot body diffuses its oalonc m tho an 
hy a double process The an m contact with it, lining 
heated, aiul becoming liglitei, ascends and scatteis its 
caloric, while, at the same time, another poition ib diB- 
charged in straight lines by tho radiating powoLS of tlie 
surface Hence a substance coola moie lapully in an 
than m yacuo, becanso m tho lattoi case tho piocess l a 
carried on hy radiaUon alouo. It is piobahle that the 
earth, having onginally been of Tory high tompciatuie, 
has become cooler by ladiation only. The etlioieal 
medium must bo too line to cany off much calono 
Besides tlie dcgiee of heat indicated by the tlioimo- 
motoi, calono pervades bodies in an irapeicoptibic oi 
latent Btate , and then capacity foi heat ia ao vanouB, 
that vmy different quantities of calono aic icquircd to 
laisc dlffciont substances to the same ecmiblo tenipei- 
aturo , it is thciefoio evident tlmt much of tho calono 
ib absorbed, 01 latent and uibonaiblo to tho tlimmomctei 
Tho poition of calonc lcquisito to laiso a body to a 
given tcmpciatuio is its specific boat > hut latont lioat 
is that poition of calonc wlilcli is employed m changing 
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tlie state of bodies from solid to liquid, and from 
liquid to -vapour, When a solid is conveited into a 
liquid, a gieatet quantity of calouc onteia into it, than 
can be detected by the therm ometer , this accession of 
calouc docB not make the body waimei, though it con- 
verts it into a liquid, and Is the principal cause of its 
fluidity Ice lemaina at the tempoiaturo of 32° of 
Fftlnenheit till it has combined with or absorbed 140° 
of caloric, and then it melts, but without laismg the 
temperature of the watei above 82° ; so that watei is 
n compound of ice and calouc On the contrary, when 
a liquid is converted into a solid, a quantity of caloric 
leaves it without any diminution of tempei ature 
Watm at the temperatuie of 32° must pait with 140° 
of caloric befoic it freezes The slowness with which 
watei freezes, or ice thaws, is a consequence of tho 
time requued to give out or absorb 140° of latent heat. 
A considerable degree of cold is often felt dining a 
thaw, because the icq, in its transition from a solid to 
a liquid stato, absoibs sensible heat from tho atmospliero 
and other bodies, and, by rendering it latent, maintains 
them at the tcmpciatme of 32° while melting Ac- 
cording to the Bame punciplo, vapoui is a combination 
of caloric with a liquid By the cohtmued application 
of heat, liquids are conveited into vapour oi steam, 
which ib invisible and clastic like common an. Under 
the ouhnary pleasure of the atmosphcio, that is, when 
the baromctei Btands at SO inches, water acqunes a con- 
stant accession of heat till its temperature uses to 212° 
of Fahrenheit , aftci that it ceases to show any inorcaao 
in heat, but when it has absoibed an additional 1000° 
of calono it is conveited into Bteam Consequently, 
about 1000° of latent heat exist* in steam without 
raising its terapciatnre, and stenm at 212° muBt part 
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with tlic BAmo quimtity of latent cnlouo whan condensed 
into watoi IValci boils at cliiFciont tcmpoifltuics under 
(hftci out dcgicoa of picsBiuc* It boils at a lowci tom- 
peiatiuG on the top of a mountain limn in the plain 
below, because the weight of iho alnjoBphoio is less at 
the highci station* Thcio is no limit to tlio tompeiftluio 
to winch watci might bo raised; it might oven bo made 
red-hot, could ft vessel bo found strong enough to resist 
iho picwuic. The expnmlvo foice of btciun is in pro- 
poilion lo [ho IcinpoinUnc at which the wfttci boils, it 
may, theicforcj be increased Lo n degico that is only 
limited by our inability to resliftln it, and is the gicatest 
power dial haa been made subbeivicnt to tlio wants of 
man 

It is found that the altfoluto quantity of boat con- 
Burned in tlio piocets of convoiting watoi into stemn is 
llul baino at wlmlovei tcmpoiaiuio watoi may bod, but 
that tlio latent heat oi btenni ib always giealei ex- 
actly 111 tlio same piupoiuon as its sensible beat is loss. 
Bicam iniscd at 212° under tlio ordinal y pleasure of 
iho atmosphere, and atonm lalscd at J80° under half 
that pioBamOj contain tho same quanuty of heat, witli 
lh|s difleionco, that tho ouo has moio latent boat and 
leu ftcnsiblo heat than the oilier It is evident that the 
Bamoquanlity of heat in nequisito fot convening a gi\on 
wolght of water into atoain, at whatever tompoiatuie or 
under wlmlovei presume the watci may be boiled; and 
tlicicfoic, in tlio steam engine, equal weights of steam 
at a high pleasure ami a low pioubiuo aicpioduced by the 
same quantity of fuel , anil wlmtevci tlio prcSHUie of tho 
8 to am may bo, tho consumption of fuel n pioporlional to 
the quantity oi wntoi eon voi toil into vapoui. Steam at 
a high pi css ui o expands fie soon ns it comes into tho air, 
by which some of Its scumble heat becomes latent , and 
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as it naturally lias leas sensible heat than steam laiscd 
under low pressing its actual tempeiaturo la 1 educed so 
much, that the hand may be plunged into it without in- 
jury the instant it issues flora the onflee of a boiler. 

The elasticity or tension of steam, like that of com- 
mon arr > vanes inveisely aa its volume, that is, when 
the space it occupies is doubled, its elastic foice is 
reduced one half. The expansion of steam is. inde- 
finite , the smallest quantity of watei, when 1 educed to 
the foim of vapour, will occupy many millions of 
cubic feet a wonderful lllustiatiou of the minuteness 
ot the ultimate pai tides of mattei 1 The latent heat 
absorbed, in the formation of steam is given out again 
by its condensation 

Steam is formed throughout the whole mass of a 
boilrng liquid, whereas evaporation takes place only at 
the fiec surfaces of liquids, and that under the oidmaiy 
temperatuie and pressure of the atmospheie. Theie is 
a constant evapoiation from the land and water all over 
the earth The rapidity of its formation does not alto- 
gether depend upon the diyness of the air, according 
to Dr Dalton^ experiments, it depends also on the 
difference between" die tension of the vapour which ib 
forming and that which is already in the atmosphere 
In calm weathei, vapom accumulates in the stiatum of 
air immediately above the evaporating suifQcc, and le- 
taida the foimatiou of more, whcieas a Btrong wind 
accelerates the process, by carrying off tho vapour as 
goon as it TiBcs, aud making way for a succeeding por- 
tion of dry air 

The latent heat of air, and of all clastic fluids, may 
be foiced out by sudden compression, like squeezing 
wftter out of a spongo. The quantity of heat brought 
into action in this way is very well illustrated m tho ex- lf 
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perimcntof igniting n piece of tinder by the sudden com- 
pression of air by a piston tluustinto a cylinder closed at 
one end the developemont of heat on a stupendous scale 
is exhibited in lightning, which, is piobably produced 
m piufc by tlio violent compression of tlio atmosphere 
daring the passage of tlio eicctnc fluid Prodigious 
quantities of beat arc constantly becoming Intent, or aie 
dison gaged by the changes of condition to which sub, 
stances arc liable in passing from the solid to tlio liquid, 
and fiom tlio liquid to the gaseous foim, or the con- 
tiniy, occasioning endless vicissitudes of temperature 
over the globe. 

Thera are many other souicqs of heat, such as com- 
bustion, faction, and poicussion, all of which are only 
means of calling a power into evidence which ahendy 
ovists. 

The application of heat to the vanous handles of 
the mechanic aLtnul chemical aits lias, within a few 
yoais, effected a grcatei change in the condition of man 
than had been accomplished in any equal penod of his 
existence Aimed by tlio expansion and condensation 
of fluid b with a power equal to that of the hghtmng 
itself, conquering time and space, he flies over plains, 
and travels on paths cut by human industry even 
through fountains, with a volocity and smoothness 
moio like planotaiy than terrestrial motion ; he ciobbcs 
tlio deop in opposition to wind and tide j by releasing 
the strain on tlio cable, he ndcs at anchor feailess of 
tlio stoim , ho makes tho elements of air and water the 
camera of warmth, npt only to banish wmtei fiom his 
homo, but to ndoin it even duung the snow-storm with 
the blossoms of spring , and, like a magician, lie raises 
from tlio gloomy and deep abyss of tho inmo, tho spirit 
of lifeht to dispel tlio midnight darkness. 

a % 
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It has been observed that heat, like light tind sound, 
probably consists m tlio undulations of an clastic me- 
dium, A.11 tile principal phenomena of heat may 
actually bo illustrated by a companson with those of 
sound. The excitation of heAt and sound arc not only 
simflai. but ot ten identical, as m fuciion and pei cushion, 
they arc both communicated by contact and radiation j 
and Di Young ohscivcs, that the effect of radiant htfat 
in Taising the temperatmo of a body upon which it 
falls, resembles the sympathetic agitation of a stung, 
when tlio sound of another string, which is in unison 
with it, is transmitted through the air. Light, heat, 
sound, and the waves of fluids, aie all subject to the 
same laws of reflection, and, indeed, then undulatory 
theories aie peifectly similar If, therefoie, we may 
judge from analogy, ( the undulations of some of the 
bent-pi oducing rays must bo less frequent than those 
of the extiomored of tho solar spectitim ; hut if the 
analogy were peifect, the inter for ence of two* hot rays 
ought to produce cold, since daikncss losults from tho 
intcifomicc of two undulations of light, silence ensues 
from tho mterfoienco of two undulations of sound , 
and still water, or no tide, is the consequence ot tho 
interference of two tidcB. The piopagation of sound, 
however, requires a much donsor medium " than that 
either of light 01 boat , its intensity diminishes os tho 
rarity of tho air increases, so that, at a voiy small 
height ahovo tho surface of the oaith, the noise of the 
tempest ceases, and tho thunder is heard no' more in 
those boundless rogione whcio Ilia limonly bodies ac- 
complish then peiiotls in eternal and Bublimc silence* 

A consciousness of the fallacy of our senses is one 
of tho moat important consequences of tho study of 
natUTQ. This study teaches us that no object is seen 
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by u a in its true place, owing to aberration, that the 
coloius of substances aio solely the effects of the action 
of mattei upon light, and that light itself, as well as 
heat and sound, are not real beings, but meie inodes of 
action communicated to our perceptions liy the neives. 
The human flame may, tborefoio, he logaulcd as an 
elastic system, the different paita of which are capable 
of leccivmg the tiemois of clastic media, and of Yibiating 
in unison with any number of eupei posed undulations, 
all of will oh have then peifect and independent effect 
Ileie our knowledge ends; the mysteuous influence of 
matter on mind will m all probability bs for evei hid 
from man. 
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SECTION XXV 

ATMOSPIirUP or TirK px ANTIS VND Till MOON. — CONSTITUTION 

or nif bun — rsimAiioN ot the son's tight — ms in- 

rLOPNCfc ON TTTD DirrrRl N'T TIANHS TEMPI RATURP OP 

ai VOE ( INTERN VI JltkAT 01 IUJ TAKTII — • /ONE Or CON- 
STANT TFMrERATIJRL. III AT INOKFASI N WITH TUT D 1 PTIT 

HEAP IN MINES AND WEI I S OBNTRAT Jlfc \T — ■ YOE* 

^jamo AciroN* — Tiir iilai above pup /oni or constant 

TIMPCRATUUF ENTIRE! 'i I ROM 1IIF bON PITL Q.UANnTT 

or HEAT ANNUAT FT RkOFIVKn FROM 1 HI SUN — JSOOEO- 
TIirRMAI LINFS — DlfiilUUUTlON Or III AT ON illl PARTI! — 

GJ1MATF FINE or lEUTFrUAT COVGI I VTION f AUS1 B 

AUEOTINQ OIIM\TI ISOTHERMAL UN] 8 FBCESSIVI 01 I- 

ATAiFB THE SAMP QUANTITY OF llTAl ANNUAldl ltLCFIVAD 
AND RADIATF D BY KARHI 

Tiro ocean of light and heat pci pc tu ally flowing from 
the sun, must affect the bodies of the system vciy dif- 
feiently, on account of the vaueties in tlioir atmospheres^ 
some of winch appeal to he veiy cxtciiBivo and dense 
Accouhng to the observations of Sclnuetei, tho ntrao- 
bplieic of Ceres is moie than 668 miles high, and that 
of Pallas lias an elevation of 465 miles These muNt 
refi act the light and pievent the radiation of heat like 
our own But it ib lemailcable that not a tiace of 
atmospheie can be pOi ceiYed in Vesta , and that Jupiteij 
Satmn, and Mats have vory little Tlio notion of tho 
sun’s rays must he very different on these bodies fiom 
what it 10 on the earth, and the heat lmpaitcd to them 
quickly lost by mdiation, yot it is impossible to call- 
mato their tempoiaturo, since tho cold may bo coun- 
teracted by then cential heat, if, as there 10 loason to 
presume^ they have originally boon m a state of fusion, 
possibly of vapom The attraction of tho earth has 
piobably depnvod tho moon of hors; foi the refractivo 
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powci of the an, at the sui face of the caith, ib at least 
a thousand limes as gieat as the lefraction at the surface 
of the moon r Iho lunar atmosphoie, therefore, must 
bo of a gi eater dcgiec of lanty than can he produced 
hy om best nu -pumps , consequently no tenestnal 
annual could exiit in it. 

The sun lias a very dense atmospheie Wlmt lus 
hotly may he, it impossible to conjecture , hut he 
seems to he simoundcd by a mottled ocean of flame, 
tin ough which lus dnik nucleus appears like black spots, 
often oi onoimouB si/e. These spots aie almost always 
oompused witlun a /one of the sun's am face, whose 
breadth, incasuied on ft solai mendian, docs not extend 
hoy olid 30-J° on eaoh side of Ins equatoi, though they 
liavo been seen at the distance ot 39^° Fiom then 
e\tensiYO and lapul changes, tlieie is every reason to 
suppose that the extend and incandescent part of the 
sun is gaseous* The solai lays piobahly arising from 
chemical pioccsses that continually take place at bis 
am face, or fiom elcctiicity, ore transmitted, tin ough 
spncOj in all directions , but, notwith standing the aun’a 
magmludo, and the inconceivable heat that muBt exist 
at Ids suifaco, as the intensity both of Inflight and heat 
diminishes as the square of the distance increases. Ins 
kindly innuenco can lioidly bo felt at the boundanea of 
om system. 

The dncct light of the sun has been estimated to be 
equal to that of 5563 wax candles of modeiate ai7e, 
supposed to be placed at the distance of one foot fiom 
tlio object That of the moon is probably only equal to 
ibo light of, ono candle at the distance of twelve feet 
Consequently tlio light of the sun is more than tlnee 
bundled thousand times gieatei than that of the moon. 
IJonco tlie light of the moon oithei irapaitfi no heat, oi 
s 4 
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It in loo feeble to penetrate the glim* nf the dienmum Ur, 
cirii when brought to n fount by n mirror 1 The inten- 
illy of the Rtm'n light (limmlnlim from the mitre to 
the clrcmnkn nro ot the solitr dbc, hut fu die ihmuii the 
grmhition in rt'wrwd. 

In UrnmiM, the mn must lie m n IiU a itmall hut 
hriltiiuit alrtr, nnlnhuie tin Immhnt rt lul fifth ih ]>«r t 
ho hughl ho nppciti* m uk , hut dml i* hum firm 4 
lnlghhr than mu hkmiii, nit tlmt In* i* rodlv a amt to 
thumitt, nml pinhihl) impnri* imme digrtF of narmdi. 
Until lUM'iuiMtlt i tlmt wiUt unuld nut it maul Hnnl 
hinny pari dI iMttrn, i\m ni ho* nputlni* and fhil m 
the lempernlo rmim of the Mine plaint mu nhohel 
nml cjuickwilvi, r wuultl f reive, w« m*y form wuur «rl ta 
of the cold tlmt mind rcigit In Unum*. 

The dlmmo ol Vciiiii more nearly rcaemhlm that of 
the mrtli, though, excepting pcrliapa at her indc-a, imirh 
too hoi fin milmnl and vegetable JITn u they cxlnt brrr , 
hut In M<iim>, the mean heat arising only from die 
imciiHily of the hiiii’h rnys, muni lie wlatve that of ladl- 
ing (jimknihei, nml untei \u>uM InuI inn ni hi* |mh i 
Thun the pUnrlP, though kindred nidi tile i hi ill In 
motion nml ahucturc, nre totally unlit for the haUuihui 
of mtch ii Mug mt mnu. 

It U found liy cxpci le lire, dint In n L U ditr|nj**d in 
opmjiie nml irniMinviit uihaMnni hy dull al^orpifon of 
mdjir light, hut tlmt the aim a ray* do not nlfrr ihe tem- 
perature or poifertly trmmpamtl Imdfni through width 
they prom Ax llie trmprrahire of the fwltueid pUuei- 
nry apace cmmnt Itc nftbrtrd hy dm pawigc of dir atiofl 
light nml lienl, neither can It lie xcimibly f* l#«l hy ihtf 
licit now radiated from die earth , cunvcqurndy Ii# wn* 
porfllurd mun bo lirntrlnble, The aUnoaphoiY, on lit* coil- 

i Wirfpfla, 
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tiaiy, ginduolly increasing in density towards the surface 
of the oftith, becomes less pellucid, and thoiefoie gradu-. 
ally mot eases m temperatme, both ftom the direct action 
of the flu n, and fiom die ladiation of the eai th. Lambert 
had pi oval that tlie capacity ol the atmosphere for heat 
vanes accoiding to the same law witli its capacity for 
nbsoibing a iay of light passing tlnough it fiom the 
zenith, whence M Svanberg found that the temperature 
of space is 58° below tho zero point of Fahrenheit's 
thcnnomoler Fiom other researches, founded upon the 
intc and quantity of atiuoapheno lefi action, lie ob, 
tamed n result wlncll only diffeis fiom the preceding 
by half a degice M Fouuci lias amved at neaily 
tho same conclusion fiom the law of the ladiation of 
tho heat of tho tcuestual sphcioul, on the hypothesis 
of ita having neaily attained its limit of tcmpeiature 
in cooling down fiom its supposed pinmtive state of 
fusion Tho diffeienco m the lesult of these tlnee 
methods, totally independent of one anothei, only 
amounts to the fraction of a degieo. 

Doubtless, the ladiation of all the bodies in the 
umvpLBO matntaina the othereal medium at a higher 
temperaturo than it would otherwise have, and must 
eventually moieaso it, but by a quantity bo evanescent 
that it is haidly possible to conceive a time when a 
change will become perceptible. 

Tims, ns the temperature of space Is uniform, it fol- 
lows that no psit of Uianus can experience a degree of 
cold moie than 90 ° below tho freezing point of Fahren- 
heit; wlucli only exceeds that which Sn Edward Parry 
sudor ed one day at Melville Island by S°» 

Tho tcmpcratuie of space being bo low, it becomes a 
mftttci ol no small interest to ascertain whether tho 
earth may not bo ultimately lcduced by radiation to 
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tin 4 (tmptnUure of the Riminindbi^ hihIIuhi , hIui iht 
wmreon of lu 4 rtt mu, mid windier iliry 1m iiiflhhni iq 
comiiviiKAto (lio loKrt, mid in malnum dm rarih fin i 
Mult lit Ini llu 4 MijpjHtrl of ttuimnl mid \ijttuMn lit- ui 
lllili 1 let romo, All idra nuilmiii lhni loot Mil mmlt 
umltr (lie mirhitt of tin* hmmiioI i mu nr mi |irnWnj . itui 
limit ih « HirAdiiu «l llm di |dh id from Ml In l(Hl frrl 
I Itnm^htiiit ilm uhult i ns ill, ^Jun' (he iriii|mi«iorr I* 
kiiVJiriHlde ui nl! ihm * noil p* 4 urn*, mid vJidh djfbm 
hut huh 4 hum (lie iiiiMi minimi (t in|^ nKmr id (he 
Hmntry rdimt. Jii the miirw of more iImii IhU h 
mriuiy, tin* InojH rMurr id file i #»rflt a\ (hi ilv |«llt id 
f )0 frrl in (he uoh id lilt OMnamry nl l , dn-i h<n 
never Ihwh almve nr Mow 'l .4 ’ of Kulirridn tl * llnr- 
uiompLor, width U only Vi ' Above the itipmi Annual l*nu 
(mrnturt at Pflrii, Till* xnim, uttMlrfird by die mu 1 * 
iny* from ulnm*, or by (hr Intpriul lint from Mo*, 
itrvi’K nn nu mi^tti \shtnte Uir ttfVcU of the eximwl 
hi At .ud tMlumird on oilr *idt\ mid ihrhiiermd 
ntme id tin* hImIm on (lie otlur* 

An unly ah lilt 4 yirtr 1 7 Ml, jM, (it imaimr din imn-l, 
In (luf lend iiiiiu h id tirmimiKii), ihm 1« ayin n from 
I fin lj that the lunL of the ground hnnrxa whh llir* 
dqilh lid (hv (ho roiic of eaindfuil (till]* Mforr* A va»t 
nmnlmr of ulwruihnii haw* lm«n nimh uliin 4 don dint 
hi llir milled of Kinqir nnd Amrrh*. li* MM, hum* 
Mirr» I hmliulAimi, llnniliolilf, ( nrdhr, l ex, ■ ml nUmr«, 
uliiili ugriv, willnmt mi txiqillmi, In {inning dim dm 
Irinjimtlni t of (In 4 tnrlh lietuliini higher in dimTiuhrm 
lowmdn i I h noire. The grrMrM dqilh thui h«* hmi 
nltaiiird in In (lit NiUrr mint of thimnqxMri in Mncltfn, 
where M< tit Knmliolili fmind « ftmpenuurp of fjn ' M 
iha depth of MH/J failumi*, i)hj mttn *nm«U kftijmr- 
fUnro of ihe oomi Ury Ih Iiik h‘r . Ndr l ut (hit hi 
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tho Dalcoatli coppci mine in Cornwall where Mi Fox's 
thcimomctoi stood at 76° m a hoi o in the rock, at the 
depth of 230 fathoms, ami at 82° in water at Lhe depth 
of 240 fathoms, tho mean annual tempeiature at the 
suifacc being about 50° But it is needless to mul- 
tiply examples, all of winch concm in allowing that 
tlioic is a veiy gieat diffeicncc botween tho terapeiatuie 
in tho mtcuoi of the eaith and at its euifaoe. Mi. 
Fox's observations on the tempeiutuie of springs, which 
use at profound depths in mines, affbid tlio stiongest 
testimony. IIo found consideiablo shcams flowing into 
some of tho Cornish mmos at the tempoiatuie of 80° oi 
90°, which is about 30° oi 40° above that ot the bui- 
fnoo ; and also ascei tamed that lieaily 2,000,000 
gallons of watei aie daily pumped JFiom tlio bottom of 
tho PoldiLo mine, which is 176 fathoms deep, at £0° or 
100° Ah this is Ingliei than the wairnth of the 
human body, Mr Fox justly ohseives, that it amounts 
to a proof that theincicaBed tompciatuie cannot pioceed 
liom tho poisons of tho workmen employed in the mines 
Ncithei can tho warmth of mines bo attubuted to the 
condensation of the current* of au which ventilate them 
Mi, Fox, whoso opinion is of high authonty m these 
mattoifi, states that even m the deepest mines the con- 
dent) at ion of tho an would not 1 ntse the temper atm e inoie 
than 0° or 6°, and that if tho heat could ho attributed to 
tins cause, the Boasone would sensibly affect the tempei- 
ntme of mines, wliloli it appears tboy do not where the 
depth ib great BqbuIcb, tho Cornish mines aic generally 
Ycntilatod by nnmeious shafts opening into the galleuoB 
from tho siufacc 01 from a fiighor lovel. The air cn- 
culntoa lioely m these, descending in some shafts and 
ascending in otlicis In all cases, Mr, Fox found that 
tho up waul cun cuts ate of a higlioi tempoiatuie tlian 
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the tltwcomllnjj cm rout* , ho muck ao, t)ml in winnr die 
muUturo Ih often ftu/eu in the IniUr in a auiMileruhle 
depth ; tlu 1 tirLuIntioiuifiur! llirrcfuio, tend* in tonl tho 
mini 1 uiHtcuil ot In criming die linn. Mr. 1 o\ h*» a l*o 
unnovol iho oIiJuiuuiin itrlhing Irani the umip*rrtU\rly 
law tcnipcrnUnc nf tin* water in (lie Minfin of ttlmnduhed 
milieu, by Hlmwiug dml nhxi nuduiiN in tin m* • min * 
vmhly of diniinaliniMH wlmh In* eiiuuu rub », are l<w 
(Umi m clrtu l (u I m nihh any I’nneluMnn mu lu tin* *im*l 
Inal nl l lu* turih. Tim high Uhi|H ratine el nmun 
lulgliL Ih* iiUubiUed In the < Jin I* nl rile liu j, iiIiiiIKp. 
mnl gmipimihi mud by tin* inning «Uil mu u MmlUr 
inmaHu obtain in deep w el In mnl in Inning* (n gnat 
ilcplllM in hvn nil nf waUji, win re im mu li ran** uf 
dlMmlwnco occur, In a well dug with a Mew to «IW. 
cover null in the canton nf Herne, nut I long dtavrhd, 
M. ilti Haumiuru bail the muit complete cihlonre uf lu- 
crum mg beat. The hmiii* ban been confirmed by Uie 
umperatiin ni many will*, bulb in (Vance am! hnghunf, 
eNpei tally by the Artomm well*, no nmurd from a |ht- 
culhn imtlniilnf mining uutu Hi mi riaurted lo m Aiioit, 
mid Mine biiunie ury gun rid. An Amcpuru well tou- 
liaU or a Mink uf a lew niche* In diaimhr, l«md into 
iho wrdi till a ipiiug it* fumul Tu pie\tiiL tbe nalrr 
lining carried ojf by the ndjuienl Mr ala, a lube j« tel 
down which exactly fill* the lane from tup to IkiIUmp, 
In wlilch Uio waur rlaca pmo to the surface H in 
clear die water could not Hie mile** jt hid provioindy 
dwcomied from high ground through (be interior or die 
otrdi lo iho bottom of iho well. It paiukt* of dw 
lomportluro of dio iLrata through which li ptw, and 
la ovory Imunco Ijm boon winner in proportion to die 
doptU of Uto wall | but It )i evident th>l dia Uw of la* 
create oinnot bo obtained In thli manner. Peril* pi die 



BEOT XXV. INTERNAL III AT OF THE EAimi 2^9 

most satisfactory experiments on lecoid are those made 
by MM. August (lc la Xtivo and F Maicet during the 
yeai 1833, in a bonng for water about a league from 
Geneva, at a place 318 feet above the level of the lake. 
Tho depth of tho boio was 727 feet, and the dia- 
meter only bo tween four and fhc inches, No spring 
was over found, but die shaft filled with mud, fiom the 
moistme of the ground mixing with the earth dis- 
placed in boiing, which waB peculiarly favourable for 
the oxpciimontSj ns the tempera tuio at each depth may 
he considered to ho that of the particular stiatum In 
tills case, where none of the ordinary causes of disturb- 
ance could exiBt, and where every precaution was em- 
ployed by scion tide and expel lenccd observers, the 
tempeiatuie was found to lnciease regularly and uni- 
formly with tho depth at the iate of about 1° of 
Falncnhoit fui oYery feet Though there can be 
no doubt as to the increase of tempera tuie in pene- 
tiating thecruBt of tlvooarth, theie is much uncertainty 
ns to the law ot mcrooso, which varies with the nature 
of the soil and otjicr local circumstances , but, on an 
average, it has been ostimatod at tl)e rate of 1° for every 
40 or 50 feet, which corresponds with the obseivalionB 
of MM Marcet and De la Hive 

It is hardly to be expected that any in Foi motion with 
regard to tho Internal temperature of the earth should 
be obtained from that of the ocean, on account of the 
mobility ot fluids, by which the colder masses sink 
downwards, while those that aro warmer rise to the sur- 
face Neveitholew it may be ptatod, that the temper- 
ature of the sou decreases with the depth, between the 
tiopics, while, on tho contrary, oil our northern navi- 
gators found that the temperaturo increases with tho 
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doptli, m tho polar seas The change takes place aV»° l1 * 
the 70 tli parallel of latitude 

Should the eaitli'e tempoiatuio incieaBO at tho iat<3 0 ^ 
1° evoiy 50 feet, it is deal that at the depth of 52 0^1 
milea tho liaidest substances must be in a stato ^ 
fusion, and oui globe muBt, in that caso, be a ball of 
liquid flro 7^00 milea in diamotcrj enclosed in a 
coating of solid mattei , for 200 miles aui nothing wl * 011 
compaied with tbo size of the earth No doubt tHo 
foim of the enith, rb detci mined by the pomlulum 
aica of the mendian, as well as by tbo motions of 
moon, lndicatca oiJgmal fluidity and a subsequent con- 
solidation and reduction of tempciatmo by radmlioi* £ 
but whothei this really was tho pnmitive condition of 
our planet, and whethei tho law of increasing tcmpci f*" 
ture is uniform at still gieatei depths than those aliertdy 
attained by man, it Is impossible to Bay At allovcii t&j 
internal fluidity 13 not inconsistent ^Wth tho pioaolit 
state of the eai tli's suiface, since earthy mattor m && 
bad a conductor of calouc as lava, which often loUiii*** 
its lieat at a very little depth foi yeftis aftei its suifftcc* 
is cool. Whatever tho radiation of the oaith imgfl*t 
have hoen in former times, ceitam it is that it goes oil 
veiy slowly 111 our days, for M. Fourier has computed 
that the oential heat ia doci casing fiom ladiation l>y 
only about tbo ^Jyoth part of a second in a century* 
If so, theie can bo no doubt that it will ultimately Ijo 
dissipated, but, aa far as legards animal and vegotahto 
life, it is of veiy little consequence wlicthci tho contro 
of our- planet he liquid Arc 01 ice, since its condition in 
oithei cftBc could have no sonaiblo effect on tho elimolo 
at its surface Tho internal file doos not oven import 
heat enough to melt tho snow at tho poles, though BO 1 



VOLCANIO ACTION 


flDOT XXV. 


271 


much ncaioi to the centie than any other part of the 
globe. 

The immense extent of active volcanic Are ib one of 
the causes of heat which must not bo overlooked 

Tlio lfliigo of tlio Andes frofn Cluli to the north of 
Mexico, piobably fiom Cape Horn to California, or 
oven to Now Math id in tlio United States, ib one vast 
distuct of igneous action, including the Caubbcan Sea 
and the West Indian islands on one lmnd; and sketch- 
ing quite acioss the Pacific Ocean, through the Poly* 
nesian Aiclupclago, tlio Now Hebrides, the Gcoigian 
aucl FileiuRy Islands, on the otlioi. Anotliei chain 
begins with tho Aleutian Islands, extends to Kamt* 
aclmtka, and fiom thence passes tlnough the Kurile, 
Japanese, and Philippine Islands to tho Moluccas, 
whence it Bpioada, with tciuflc violence, tlnough the 
Indian Archipelago, even to tile Bay of Bongnl, Vol- 
canic action may again bo followed fiom tlio entiance 
of tho Pei sian Gulf, to Madagascar, Bourbon, the Ca* 
nauofl, and Aaores Thenco a continuous igneous 
legion ^jetonds tlirougli about 1000 geographical milofl 
to the Caspian Sea, including tho Meditciranean, and 
extending north and south between the S5fch and 40th 
paiallols of latitude. In Cential AbIo, ^ volcanic legion 
occupies 2500 square geogiapluoal miles, and to tlieBO 
may be added Iceland, witlnn 25 degrees of the pole. 
Throughout tins vast portion of the world, the subter- 
raneous Are is often in ten Holy active, producing such 
violont oaithquahes pud muptions, that their effects, 
accumulated duilng millions of yeaia, may account for 
tho gieat geological changes of igneous ongin that have 
already taken place in the eaith, and may occasion 
othou not less remarkable, should timo — tlmt essential 
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element 111 the vicissitudes of the globe — bo gi anted, 
and their eneigy last. 

Mi Lyell, w)io has shown the powor of existing 
causes with great ingenuity, estimates that, on nn aver- 
age, twenty muptions take place annually in difFcionfc 
parts of die woild, and many must occiu, or hnvo 
happened, even on the most extensive and awAil Beale, 
among peoplo equally incapable of estimating their 
effects and of lecording them, Wo should novel lmvo 
known die extent of the feaiful muption winch took 
placo in the island of Sumlmwa, in 1815, but foi die 
accident of S 11 Stamfoid Raidas having b#n governor 
of Java at the time. It bogan on the 5th of Apill, and 
(hd not entnely ccaso till July* Tho ground was 
shaken tlnough an aiea of 1000 English imlce m cir- 
cumference, the tiomora woio felt in Java, tho Mo- 
luccas, a gieat pait of Celebes, Sumatra, and Borneo. 
T]io detonations weie hcaid 111 Sumatia, at tho distance 
of 970 geogiaplutal miles m n stiaight lmo, and at 
Teinate, 720 miles in the opposite direction. The 
most di endful whiil winds canted moil and c^tle into 
the an, and, with the exception of 2(3 persona, the 
whole population of tho island polished, to tho amount 
of 12,000 Allies wcio earned 300 miles, to Java, in 
*uch quantities, that tho daikness, during the day, was 
more profound than ovoi lmd been witnessed in tho 
most obserne night. Tho face of tho countiy was 
changed by tho streams of lava, the upheaving and 
tho sinking ot tho soil, Tho town of Tomboro was 
submerged, and water stood to tho depth of 18 feet 
in places which had been dry land. Ships gioumlcd 
where they had previously anchoiod, and could hai(Uy 
pehetr^te tho mass of cindors which floated on tho sur- 
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face of tho sea for sevoral miles to the depth of two feet 
A catnBtiophc similar to this, though of leas magnitude, 
took place in tho island of Dali in 1808, which wag 
not heaid of m Europe till ycais afterwaids. Many 
volcanos, supposed to be extinct, hayc all aC once burst 
out with inconceivable violonco. Witness Vesuvius, on 
histoiical recoid, and tho volcano in tho island ot St, 
Vincent in om own days, wIiobc oratei was lined 'With 
large tiees, and wlncli Jiad not been active m tlic memory 
of man. Vast tiacts aio of volcanic ongin, where volcanoB 
have ceased to exist for ages Whence it may be in- 
ferred, that in some placeB the subterraneous flies aie in 
the highest state of activity, in some they aio meit, and 
in others they appear to be extinct, Yot tlieie aio few 
countries that are not subject to eaithquakes of gi eater 
or leas Intensity, the tiemors aio piopagated hkc a 
sonoious undulation to such distances, that it is impos- 
sible to say in what point they oiigmnte In some 
recent instances, then power must have been tremendous. 
In South America, so lately aa 1822, an area of 100,000 
squam miles, which ib equal in extent to the half of 
Franco, was raised several feet above its piesent level, a 
moat able account of which is given in tlio “ Tiansaotrons 
of tlte Geological Society,” by an ostcemed fncud of the 
nuthoi's, Mrs, Gi all am, now Mrs, Callcott, who was 
present during tlio whole timo of tliat foimidablo earth- 
quake, which reclined at short intervals foi moie titan 
two months, and who possesses talents to appreciate, 
and had opportunities of observing its effects under the 
most favourable cUcum stances at Valparaiso, and for 
milefl along tho coast, whore it was most intense In 
1819, a ridge of land stretching foi 50 miles acioss 
tlio delta of tho, Indus, 16 fcot broad, was raised 10 

T 
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feet above the plain , yet the account of this marvel- 
lous event was only brought to Em ope last yonr by 
Gaptam Burnes. The reader is refeired to Mr Lyoll’s 
very excellent work on geology, already mentioned, for 
most interesting details oi tlio plionomona and extensive 
effects of volcanoB and earthquakes too mimorous to find 
a place heie. It may, however, bo mentioned, that 
innumerable earthquakes mo from time to limo shaking 
the solid ciust of the gloho, and Dairying destruction to 
diBtant regions, piogroaaivoly though slowly accomplish., 
ing the great work of clmngo, These tcmblo engines 
of ruin, fitful and uncertain as they may scan, must, 
like all durable phenomena, have a law, which may In 
time be discovered by long-continued and aocmato ob- 
servations 

The shell of volcanic fire that girds tlio globe at n 
small depth below our feet, has been attributed to three 
different causes By some it is supposed to originate 
in an ocean of incandescent mattm, still existing in tlio 
central abysB of the earth Some concern) it to ho 
superficial, and due to chemical action in stiata. nt no 
very gieat depth when compaicd with the swo of tho 
globe i The more bo, as matter oil n most ox tone l vo 
scale is passmg from old into now combinations, which, 
if lapidly effected, are capable of producing tho moat 
intense heat. According to others, electricity, which 
is so universally diffused in all its foimB throughout 
the earth, if not the immediate onuso of tlio Yoloanlo 
phenomena, at least dcteimines the chomical affinities 
that produce them. It is clear tlmt a subject so In- 
volved in myHteiy must give nso to much speculation, 
in which every hypothesis is attended with difficultly 
that observation alone can remove But to whatever 
cause the increasing heat of the earth and tho sub- 
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torranean flies may ultimately be referred, it is certain 
that, except in pome local instances, they have no sen- 
sible effect on the temperature of its surface It may, 
thorefoio, bo concluded, that the heat of the earth 
above the zone of unifoim temperatme is entiroly owing 
to the sun, 

The power of the solai rays depends much upon the 
maunor in which they fall, as wo leadily perceive flora 
the different ohmatCB on om globe. In winter, the 
earth is nearer the sun by about -fo than m summer, 
but tlie rays strike the northern hcmiapheie more ob- 
liquely in winter than in tlie otlioi half of the yeai 

M Fouillet has estimated with singular ingenuity, 
fiom a senes of obeoivstiona made by lumself, that the 
whole quantity of boat which tho earth receives an- 
nually from tho sun, is such as would be sufficient to 
melt a stiatum of ice coYenng tho whole globe 4>6 feet 
deep. Pnit of tins bent is lfldlatcd back into space; 
but by far tho groatoi part descends into tho earth 
during tho summer, towards tho ?one of uniform tern- 
poratuio, whence it 1 etui ns to tho surface In tlie course 
of tho winter, and tempers the cold of the ground 
and the atmosphere m its passage to the otheieal le- 
gions, whoro it is lost, 01 rathei wlicio it combines with 
tho radiation fiom die othei bodies of tho uiuyoiso 
in maintaining tho tempornturo of space. Tho sun's 
powor boing greatest between the tropics, tho caloric 
sinks deeper tlieie than elsawheio, and tlie depth gra- 
dually diminishes towards the poles, but the beat is 
also transmitted laterally fiom tho wanner to tho colder 
strata north and south of tho oquatoi, and aids m tem- 
pering the seventy of the polar legions 

The mean heat of tho earth aboyo tho stratum 

T 3 
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oi rmiRtmit temperature in determined from dial or 
Kprlugp; mul if tin.' aprlng I*? *m l ht*Uil Rumml, dm 
temperature 1* reduced by iom|uiudi>u in \Out it 
would be aL Hit* )«*ul of flu* ara, ntMindr^ Out thr 
henl of du’ mil \ nrU’K aciording hi dm I** ^ dm 
henl <ii die rdnniNplure, whi\h i* mIhhii 1° of Irtlirm- 
\u ilV llu nnmimter Cor t wry \ U 7 h 1 1 l mm * umu 
punxon of dm tnnpirniure of mnmmiH "prluiu wlili 
dial of llii’ rtii T Hn Man Id Hrrw-Uir emuhnli^ dui dinm 
in n pjirdtuhu Him |utH«iiij{ marly dmoi^h Ibrllu, m 
whit It llh* tempt rut un 1 nf aprhipi huiI dim of dm airruu 
xplmre enimlde, ilium npjiriMi Muk dm Andrtlrde 
dir li'inperiUure of apthiu* la aIwa)* lupin r linn ilui of 
tin? air, while pmriH ilin^ toward* dm equator in N lower 
Since Ulc warm 111 of dm nijmrfhUl *trala or I hr 
earth (|pcrotm>* from dm nputur in dm |h* 1<\ dure aw 
ninny plan* in IhilIi heudiplmrtp where dvr pmund Iim 
llio Mine menu Icinperalure, If Hum wtrr drawn 
through nil diw point* in die upper *irau or the 
finin' which \mo rim Mine mean annual temperature, 
limy would lm nearly parolM in die r*jiiii«r l*twmi dm 
tropica, mul would I men me inure ami more irrrgutar ami 
slnuoui toward* dm pole*, *1 ln*e art) called fattgiothor. 
innl linos. A variety of local HmnruUrme* dUiurli 
Uiolr parallelism, oven between dm tropic* 

The temperature of tlir ground at dm equator U 
lnwi r on tlir cosaU ami ialnnrl* dun in dir interior 
of eohlhient* ; tlm warmeai pari la in dm interior of 
A film, lml IL Ip obvlauxly aflVrinl hy dm nature of Iho 
soil, rpprrlnlly IT It hr volcanic 

Much lina l>mi done wldiln a few year* (a ascertain 
iho lnmiurr In which Iicpu hi dULriUiUHt am Iho wrrftw 
of our planet, pud dm variation* of eilmaie; which In « 
genera] view inctn every change of tha iiuofpbtf*, tuah 
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as of tompeiatmc, humidity, vaiiationa of baiometno 
pleasure, pimty of an, the seienity of tlie heavens., tlio 
ofTccta of winds, and electric tension Tempo] atm e de- 
pends upon the piopcity winch all bodies possess, raoie 
or leas.) of perpetually absorbing and emitting 01 indi- 
nting beat When tho interchange is equal, tho tern- 
pciatuio of a body remains tlio same, but when the 
ladmtion exceeds tho absorption, it becomes coldei, and 
moo ve) 8 d> In oidei to detenmne tho cbstubution of 
beat oyoi tlio sruface of the eaitli, it is necossmy to 
And a standaul by which tho tempoiatme in different 
latitudes may bo compaied Por that pm pose, it is 
lcquisito to ascoitani by experiment the mean temper- 
ature of the day, of tho month, mul of the ycai, nt as 
many places as possible tin on gh out the eaitli The 
annual avoiage temper atm o may bo found by adding 
tlie mean tcmpewituies of all the montliB in tho year, 
and dividing tho sum by 12* Tho avorage of ten 
or fifteen ycftis will give it with tollable accuiacy , foi, 
although tlio tompcratuie m any place may bo subject 
to vory gicat variations, yet it neyoi deviates moio than 
{i few degrees fiom its mean state, which consequently 
otfbrs a good standard of comparison, 

If chmato dopendod solely upon the beat of the aim, 
all places having tho same latitude would have the same 
moan annual tompciature The motion of tlie sun m 
tlio ecliptic, indeed, occasions peipetual vaiiations in tho 
longth of tho day, and in tlio direction of tho raya with 
regard to tiro eaith, yet, as tho cause is peiiodic, the 
mean annual temperature from tho snn J s motion alono 
must bo constant in each paiallol of latitude* Foi it 10 
evident that the accumulation of heat in the long days 
of sumnioi, winch is but little diminished by radiation 
duung tho slioit nights, 10 balanced by the tmall <]uau- 
T 3 
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Illy of hcmt received during the abort lUya in winter, 
mil I u nullallon in the long friwiy and char night* 
hi fuel, if tin* globe view c-viry where on a level with 
lIio nuifaoe of lIio aea, and nf miifnrnt aulnUncc, 
*o aa to alHwrl) and radiiHc hint equally, the mean 
heat of the turn wmild in* regularly diah Hulled over lu 
am face in annum of iqmtl minimi leitipi ramrr parallel 
in tlio equator, front wluidi It would drtnA** to writ 
pole n« the aqimrr of tin* maluc of the lalihide ; mnl 
lla quantity would only de|»rud u|hui the altitudes of 
flu* atm, ami tthuiuipherle tumhU 'Mir dMrllmUon 
of heat, hum \n, in the Mine parnllrl, \n my int*i 
gular in all IrtLllud™, rrnpi between the- tropica, where 
lit o laoihermal linra, or tlu* linen louring llirough plarea 
of equal mean animal temperature, on mure nearly 
parallel to the equator- The cauar* or dMurbatirc are 
very mimrroua \ hut such a* have the grcatiat influents, 
anurdlng (u M Dr lhnnMdt, to whom wr arr lndrbu*d 
for the gioalcr pari of what In known on llir suljprt, arc 
the elevation of (hr muthiriilK, thr ilUirilmilcm of Uml 
and wnlr-i uvrr the mirfarr i»T tin* globe, e*tm«ing diflkr* 
cut absorbing and radiating jKhrrr*, the variation* In 
tho surface of the land, m saudy ilwru, ror- 

dam plain*, roek*, Jfcr. ; mminiain-tlmlna earerrd with 
maww of snow, which dhnlnUh llm Unupcraturp j lha 
reverberation of ill r aim's r*y« In thr vallrys, which In* 
crease* it ; and the Interchange or current*, both of air 
anil water, which mitigate the rigour of climate* { tho 
warm current* from the equator softening Ui« wrarity 
of tho polar fVoaw, and ih« cold currmu from tho poles 
tempering tho Intense heat of the equatorial regions 
To thwo tmy lx* added cultivation, though lu Influent* 
extends over but a small ]>oriloii of the globe, only a 
fourth part of Die land being Inhaldtat 
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Tcmpeiatme does not vary bo much with latitude 
a8 with tiia height above the level of the sea, the de- 
crease is more rapid in the higher strata of the atmo- 
sphere than m tlie lower, because they are farther re- 
moved from tho radiation of the earth, and being highly 
lareflcd, tho heat la diffhsed through a largei space A 
portion of an at tho surface of the earth, whose temper- 
aturo is 70° of Fahrenheit, if coined to the height of 
two mile? and a half, would expand ao much that its 
temperature would bo reduced 50° , and in the ethereal 
regions the tcmpeiaturo is 90° below the point of con- 
gelation ► 

Tho height at which snow lies perpetually, decreases 
fiom tho equator to the poles, and is higher in Bummci 
than in winter, but it vanes fiom many circumstances. 
Snow larcly falls when the cold is intense and the at- 
mosphoio dry* Extent vo foiests produce raoiBture by 
thoir evaporation, and high tablelands, on the contrary, 
dry and waun tho air. In the Cordilleras of the Andes, 
plains of only twonty-five square leagues raise the tem- 
peratuie os much as 3° or 4° abovo what is found at 
the same altitude on the rapid declivity of a mountain, 
consequently the lino of perpetual Bnow vanes accord- 
ing as one or other of these causes prevails Aspect 
has also a great influence The line of perpetual 
snow is much higher on the southern than on the 
northern sido of the Himalaya mountains On the 
whole it appears that tire mean height between the 
tropics at which the anow lies perpetually is about 
15,207 feet above the level of the sea, whereas snow 
docs not cover the ground continually at the level of the 
ocean till near the north pole In the southern hemi- 
sphere, howovor, tho cold is greator than in the northern 
In Sandwich laud, between the 54th and 58th degrees 
t 4 
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of latitude, ivorpehial *now and ice extend tn i>ir ppiu 
I wach } ami In the iilnml of Hi, (korgv'a, in Mm Vhl 
degree of Mouth Utltiulo, winch etim«|»miiU wait Mm 
lilKiidr of thr central cmmUm id Kngland, jK’qmiual 
miow ttaui'iul* i\m lu llu* Inrl uf llli' hCrMIt It 
\\nn I wen mIuwii Mint llsln t w** f »f cold In thr 
*outlmr n hi iisinfilu it* umiiMf I** aUrMnilul in llu in U r 
holng Inngir limn nnm l>\ 7/ dA)M It m pruhnhly 
owing in ilir o[Hn mi rmiml llu wmlh |h>)« ( which 
pvrunii thr iulhrg* hi ilcunud hi a lower JrtihU'lr by 
HP Hum tin y dii In llir linrlliv rn lirmi «|»lic rr 4 nu mn 
muni ot Mir mmnrmiM nlMlnunniN nppmird in thrm 
hy i hr Ittlitmln ami cm nil ten U itlxtui (hr north polr. 
Iceberg* arldum limit (arilnr in Mm Mouth limit Mm 
Aiort* ; wlirrcnii Mirnw tint ctimr from Mm amiUi jKilr 
iIoMHsml on far a* dip rajm of Hood Hupr, ami inmlon 
a continual nlwnrplUm of lira! In inching 

The inlluciuv df mountain. rhahui dwi nut wholly 
depend tijmii Mm him of perpetual (XJngvIaMnii, rimy 
Mltrai t mill veinli iihc Mm tapmir* Heating In Mm air* and 
lend them down In turrmin id rain 1 hey radiate Iwat 
Into ilm nlmiMipImre mi m lnw»r rh ration, nod hicrcwo 
iho temperature of Mm valleys hy Mm reflection or the 
min 1 * rty« f ilid hy Mir ulmltrr Mmy alfl>rd ogmhut pre- 
vailing wind*. Hut, mi Mm contrary, onr of Mm most 
general and powerful rau*c* of cold orlalng from tile 
vicinity of inomuaiiu, la Mir frcralng ctirmiu of wind 
which null from tlmlr lofiy peak* along the rapid da- 
oUvlUea, chilling Mm purroondlng volleyu j wirh in l be 
mating north wind called the biae in HwiuwUnd, 

Next to elevation, the tUflVnmcr In Mm radiating tod 
abwrblng power* of the pea and land Itn the gmUttl 
Influence In diaturblng the regular dirtH boil cm af h*au 
Tim extent of iho dry land la not above Urn fourth part 
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of that of the ocean, so that the geneial tempeiatuie of 
tho atmoBphore, regarded as the result of the partial 
temperatmos of the whole surface of the globe, is most 
powoi fully modified by die sea Besides, the ocean acta 
moro umiormly on the atmospheie than the diversified 
surfaco of tho solid mass does, both by the equality of 
Us cm vatinc and its homogeneity In opaquo substances 
tho ocoimudation of heat is confined to the stratum 
ncaiest tho surface. The seas become less heated at 
tholr suifaco than tho land, because the solar rays, be- 
fore being extinguished, ponetiate the tianspaient hquid 
to ft grcatei depth, and in gi eater numbers than in the 
opaque masses. On the cthci hand, water has a con- 
Bidoiablo lftdiating powei, which, together with evapor- 
ation, would rcduco tho surface of the ocean to a very 
low tom pm a tui e, if the cold pm tide* did not sink to 
tho bottom, on account of then aupenor density. The 
soas pioBCivo a consideiftble poition of the heat they 
iccciyc m summer, and, from their saltness, do not 
frcc/o so soon as fresh watei. So tliat, in consequence of 
all those cir cum stances, the ocean is not subject to such 
variations of heat as the land, and, by imparting its 
tempo! atuio to tho winds, it diminishes the ngor of 
dim a to on the ooaBts and in tho islands, which are 
liovcr auhjoot to such extremes ot heat and cold as are 
oxporioncctl in the interior of continents, though they 
are liftblo to fogs and rain from die evaporation of the 
adjacent seas On each side of the equator, to the 48th 
dogico of latitude, the am face of the ocean is in general 
warmer than Urn air above it The mean of the differ- 
ence of temperature at noon and midnight is about 
I°'87, tho groatcBt deviation never exceeding from 
0°*3G to 2 0, lG, which is mudi cooler than the air over 
tho land. 
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On land Uir Icmpomture dept mix upon ilu* nature or 
tho toll nnd lu proriuua, it* habitual nuiUiurr nr dry* 
item Fiom the nutern cxln Hilly of the Sahar* dtwt 
quite* rtcrnw AlrJew, tin* unil N nlimmi mtlrely Imrrrn 
land, nml llu* ftnlitirA drtcrl \n U lumt Including 

Dnfuur or DongoU, rxtindx over au Ann of I'lljlMKl 
square league, equal in hvlir lln* Ann nf the A I nil irrrancAii 
Spa, mid rnlmi tile 1 temperature of the air by radiation 
from })0° to I00'\ which must ha\e a nm«l extendi p In* 
flucnce On Hip ronirnry, vegetation nmlx llm air hy 
evaporation nml llm apparent riuliatiim uf cold from llio 
Ica\ i a nr plante, lipcttufr they alwnrh more caluHe than 
Uu>y give* out. Tim gram Ini fmmx plains <»f South 
America cover xu extent ten Uinr* grrater limit France, 
occupying no Iwa limn About flU.tKH) aquirr Irtguw, 
which li more thin the whole chain nf the Amin, ami 
All (ho KCHltcrtxl mountiln-groupa of lirarib The**, 
together with tlio plain* of North America and the 
Aleppo* oT Kuropo and AaJa, must hare am rttemdva 
cooling rflbcl On the almoaphoro, IT it bo conahlerod 
that, lit caIih xml xcrnip nlgliu, they emu? the ther- 
mometer to descend ltt q or I 1 *”, and that, In Urn mot. 
(Iowa and hcallii in Knglaml, the absorption or heat by 
Llio gran la auflloionl to rauae Urn temperature to idnk 
to tlio point of congelation during the night for tan 
month* in llio year* Ferrate cool (lm air aloe, by 
ahnillng tho ground from tlio ray* of Urn *uo, and by 
ovajHimlon from llu* bought Hale* found dial tlio 
leave* of a single plant of hclUmihua 4 dim foot high, 
oxpoacd nearly forty foot of aurfawj and If Li be 
conildortHl that tho woody rogiema of llio rim Amtum* 
and Ulo higher pari of tho Oroonoko, occupy an am of 
flBOjOOO aquoro Iraguwh aomo Idea may bo formed of 
tho torrent* of vapour which arUo from tho leant* of 
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tho forcstB all over the globe. IIoweYer, the fngonflo 
oftocta of their evaporation are counteracted in Borne 
ineasuie by the perfect calm winch reigns in the tropical 
wildernesses. Tho inmuneiable nvers, lakes, pooh, and 
mat shea interspersed through the continents absorb 
calorie, and cool the air by evaporation , but on account 
of the chilled and dense particles sinking to the bottom, 
deep water diminishes the cold of winter, bo long a a ice 
is not foimed. 

In consequence of the difference in the radiating 
and absorbing powers of tho soa and land, their con- 
figuration gioatly modifies the distribution of heat over 
tho surface of the globe Under the equator, only one 
sixth part of the circumference is land ; and the super- 
ficial extent of land in the noitbern and southern 
heimsphcies is m the pioportion of thiee to one. The 
effect of tins unequal division is greatei in the tempeiate 
than In the ton id zones, for the area of land in the 
nortliom temperate ?,ono is to that in the southern as 
thirteen to one, whereas the proportion of land between 
the equator and each tropic ib os five to four. It is 
a curious fact, noticed by Mr Gardner, that only one 
twonty-BOYonlh part of the land of the globe has land 
diametrically opposite to it This disproportionate ar- 
rangement of the solid part of tho globe has & powerful 
influence on tho temperature of the southern hemisphere. 
But, bosldcB theso greater modifications, the peninsulas, 
promontories, and capes, running out into the ocean, 
together with bays and internal seas, all affect tem- 
perature. To these may be added, die position of 
continental masses with regard to the cardinal points, 
All theso diversities of land and water influence tem- 
perature by tho agency of die winds, On this account 
tho temperature in lower on tho eastern counts, both of 
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lli»' NVw mill OM H’mlil, (him on llu* uiihrn, for, 
unihlili rni# Kurojir hn an nlmnl, ilu'^nn rul li mpcmlure 
h iniM lit [intjKJilloit ah Ihr i In npi u to tlir vnMom 
mc mil' lilt' Nii|H‘rlli k inl U til ] m rnhirr id w liu Is a* far unrlli u 
Mip 1'ult mill ••lllli rh^rmrtof Uiiiiuh , iUk t nul full Mow 
VH Vu 'll” nf l* 4 iiliri iilnUi* vi it in llu< mi«MU 4 oT umhr. On 
ihe i miliary, tin* n>M nl Highlit mu* * 1mm ha i \jnnurc 
in tin- jimtlnm mnl imhUui vjmk Hul llu Iminptfut 
|mH nf (lmt ■ ni|ilri« Inm k Iish rl^muii* iIihirU than die 
Vuliiih , hi i iiiiM ilio ixltulc nnrlhi rn i \iri miiy nf t**ura|ir 
In hum llu* iHil'ii* h i hy u /um i»f i*prw net, 

nlm i* tv Inti r li ui|iriutm»* in innrlt ulmu* (lmt of a rou- 
tmiiKiil i "unity nmti i the rmun luiihnlo 

Tin* hifn nl* the mnn^i'luii imihHIU* aM the 
ilferuuf fhn min'* hi Ah Tin* i unit inunuuuMiei lu 
n mjn mlurc *u wlmvly, llmi M Ara^i \u% mc^piully 
lumnl pu much ah from l k ' In I H nf tlilli n nu htiwcot 
ilm lu At uf I In* ami mnl I lmt nT llu *lr iwu or dtnw 

illl Ill M tlhlM' jr 

*1 Iw i in nuMpum * whirli luvi 1 Mu tmjtnrralfth 
mill huim} limn i loin ur hi iliMnihhitf the rr^ular liLu 
irlliuimn nl In a l iivr lilt* (.lulu, mnl wra^inn iiumbtr* 
lirtu lucal (rrt^ularilh n Nt u rllii'lm* llu mun amttul 
lwn|irrAitirr liotnnuM gradually luwcr from ita r^utlur 
lu lltp |u»l ra, Uul llu* dlmtmiiluti of menu hiai li mem 
r*)dd lk*lvYrcii the* IlHli mnl Uuh tlcprii* uf Ulhudc, 
l*illt In KnnjjH* Mini Ainprira, winch iccunU (wfcclly 
vrhh ilirtiry, wlipticr- It Ap|K*flf», ilitt the rtrlalioa In 
llu> future of die cunliie of iln» UUiuilr 1 which e*p r&m 
dm I* vf of the change uf Unni^cralurc, ii % ttimcJmUitt 
lowAnU Utc 4Aih degrro of UUimJc, f J b hp metn tnnUA) 
iwn(wmturo under dw line 1 in Amcrin It «hoUi 81 


1 KiUliU 
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of Falnculwit, in Africa it is said to be nearly 83°. 

Tho difference piobably arrsoa fiom the winds of Sibena 
and Canada, whose chilly influence is sensibly felt in 
Asm and America, even within 18° of the equator, 

Tho isothermal lines aie nearly parallel to the equatoi, 
till about 22° of latitude on each side of it, where they 
begin to loso tlieir parallelism, and continue to do so 
moro and moio as the latitude augments "With regaid 
to tho nor thorn hemisphere, tho isotheimal line of 69° 
of Fahrenheit passes between Rome and Florence, in 
latitude 43°, and near Raleigh, in North Carolina, 
latitude 3(5°, that of £0° of equal annual temperatuie 
unis through the Netherlands, latitude fil°, and neai 
Boston, in the United States, latitude 42^°, that of 
41° passes near Stockholm, latitude 5Q and St 
George's Ray, Newfoundland, latitude 48° ; and lastly, 
tho line ol 32°, the freezing point of water, passes be- 
tween Ulca, m Lapland, latitudo 66° , and Table Bay, 
on tho coast of Labiodoi, latitude 64° 

Thus it appears, that tlie isothermal lines which are 
noarly pm allot to tho equator foi about 22°, afterwards 
deviate more and more From the observations of 
Sir Chailes Gioseokc in Greenland, of Mr, Scoreaby in 
tho Arotio Boas, and also from those of Sir Edward 
Parry and Sir John Fianklin, it is found that the iso- 
thermal lines of Europe and America entirely separate 
in the high latitudes, and sunound two poles of maxi- 
mum cold, one in Amenca and the other in the north 
of Asia, noithei of which coincides with the pole of tlie 
cnith’B rotation These poles me both situate m about 
the 80t1i parallel of noith latitude The Transatlantic 
polo is in the 100th degree of west longitude, about 6° 
to tho nor tlr of Sn Graham Mooie s Bay, m the Polar 
Boas, and tho Amalie pole is m the 95th degree of east 
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longitude, a Hula to the north of ilia liny of Tnhimn, 
near the North-oati Capo. According lo ilir eat li nation 
of HU David Ilrowatcr, from the uhncrvatltmt nf M* Do 
Humboldt and Captain* l’arry and Bcnrciby, the inetu 
annual temperature nf live AhlatU polo m nrarly 1“ of 
KfilnonhellH llicnnomolrr, and (lint uf the TnuiMitltmlc 
pole aland flj' 1 ludow /cm, win rent In* unpinne* the 
mean minimi Umpnntuui of the polo nf lnintlon tn bo 
4° or fi*\ It Ih believed Clint two cnrretpnudhig jkiIm 
of maximum cold cxUL in the minlhcrii lumhpbrrr, 
though nlmcrvalimm are wauling in tram the rourae of 
rhe Huiulnrn Uothcrmal lino* vrlih ilia wuur ami nicy m 
iho nui thorn 

Tho iaothannal line*, or tilth m pvu* ilirough pltcti 
whoro llio menu Annual umiwralurr of llir air In the 
tame, du not ilwayt coincide ulth the langeallurnnil 
line*, which arc Lhoao pacing through plan* where iho 
menu temperature nf tho ground I* llio tame Bir 
David Ihewaler, In dianixilng (Ida aubjrrl, Hint* llmt (he 
ItugemhcnuKl Hurt are nlwaya parallel to the Iwiher- 
inal llnea ; cmiAerpu nlly the anme general formula wlli 
wrvo lo determine Imili, alnco tho dllfrrcnce la a ronaiant 
rpiinUty, cdiuinwl by ubacrvaiUm* and depending upon 
tho dltUnco or live pUre from the nruiral iaoilinrmtl line. 
'Photo rfitulU arc ctmllrmwl by tho olwrrvaiioru of M. 
Kupflbr, of lUtan, during Ida oxcnralona lo the north, 
which allow that tho Kuropeiin and tho American per* 
Uout of tho I togoo thermal Hud of of FthnmlujU 
actually tqiaraio, and go round tho two [wlc* of ma*U 
mum cold. ThU traveller remarked, alto, that thti 
Umpcraturo both of (lie air and of the toil dewruw 
moat rapidly towardi tho *Aih degree of latitude. 

It li ovldtmt that placet may have tho tnac mead 
annual temporaturo, and ycL dlflVr martially In cllmtfe 
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In one, tho wmteis may lie mild and the summers cool * 
vvlioieas anothei may experience the extremes of heat 
and cold. Lines passing through places having the 
same mean summer or winter temperature, are neither 
paiallol to the isothermal, the geothermal lines, nor to 
olio unothci, and they differ still raoie from the painllcla 
of latitude. In Europe, the latitude of two places which 
lmvo the same annual heat never differs more than 8° 
or 9° , whereas die diffeicnce in the latitude of thoso 
having the same mean winter tompeiature ib sometimes 
fifl much as 18° or 19 °. At Kaaan, in the imenoi of 
ItUBBia, in latitude 55° 48, nearly the same with tlint of 
Edinburgh, the mean annual temperature ie about 37°*C, 
at Edmbiugh it is 47°*84 At Kasan, the mean sum- 
mer lompoiatuio is 64° 84, and that of winter 2° 12, 
wliereaa at Edinburgh the mean summer temperatuie 1 b 
58°*28, and that of winter 38° 66 Whence it appeals 
that tho differcnco of winter temperature is much 
greater than that of summer. At Quebec, the sum- 
inci8 aro as warm as those m Paris, and grapes some- 
times ripon In tho open air , whereas the winters aio os 
bcvoro as in Potorsburgh , the snow lieB five feet dcop 
for sovoral months, wheel carriages cannot bo used, the 
ico Is too hard for skating, travelling is perfoimeil in 
sledges, and frequently on the ice of the river St. Law- 
rence. Tho cold at Melville Island, on the 1 5th of 
Januaiy, 1820, according to Sir Edward Parry, was 
bolow the zero of Fahrenheit's thermometer, only 
8° above tho temperature of tho ethereal regions, yet the 
summoi heat m these high latitudes ib insupportable. 
Observations tend to prove that all the climates of 
tho orUU aro stable, and that their vicissitudes aie only 
periods oi oscillations of more or lees extent, which 
vanish in tho moan annual temperature of a sufUciout 
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nuinlur of ye/irn. Till* conilnnpy of the imuii annual 
tuiipemuro ol ibr illlltront plum un llir nurUn* of the 
globe ultima that the wuint qiiiiiitHy of lunl, wlikli i* 
mutually icculvul by the rnithj m nimuttHy lmliNinl inia 
npucu. Noorllick’Hi, n wuiely of c nunr* may tlbturh 
tin* cl lin rile o I n plan' , iiilttviiiioii may mnU* If warmer, 
bui It in nl Uu' i‘\|H‘UW' of iniiuo ufltrr whUli Iw- 

vmivn i obler jo tbit aninr |mi[Mirlbm, Tin ip may I* * 
huc reunion «l i old MumntTH mol mild u. Intern, hui In 
hoi tic other country the motrniy lake* phut' tm flu! the 
lUinjicnHulimi , wind, mm, Htmw, Tog, mill flic tuber 
liietiurie plu nomcim, are the iiiinlnlem iiuplnytd (a nr* 
t ainjiliHli tlk* ilnuigr*, Tlw tlUtiibiilum of licit m»y 
\uty willi a Mirlely oT rln nmatmire*, 1ml the nlmiluUti 
Humility lull ami Ruined by the \Oudt» eirllt jii Uw 
eouhu) of n year U iiivailably the Mine. 
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SECTION XXVI, 

INIIUFNCF OP TFMPIEATDRK ON VF OH VI ION — VrOETATION 
VAJIIIS WITH T1IK IiATIPUDF AND JlHClIlf AflOVF TIU 8* A • — 
aroaRAriiioAr DibTRiaimoN of cand raANis — DISTRIBU- 
TION Ol MUlINf FI ANTS — CORAI LINTfl, SUFI T H91I, L.1F- 

T1IF8, INfllCTS, BIRDS, AND Q.U ADRUP1 DS YVIULTIFS Or 

MANKIND, YLT 1DI N'T ITT 01 SrECIRS 


Tun gradual decrease of tempeiatuiG m tho air and m 
the eaitli, from the eipiatoi to the poles, is cleaily indi- 
cated by its influence on vegetation In the valleyB of 
the tornd .sono, wheie tho mean annual temperature is 
very high, and wheio there is abuiulanco of moiBtuie, 
li atm o adonis tho soil with all tho luxuriance of perpetual 
Bummer. The palm, the bombax ceiba, and a variety of 
magnificent trees, towor to the height of ltfO or 200 
foot above the banana, the bamboo, the oiborescent 
fern, and numborlosa otlier tropical productions, bo in- 
terlaced by creeping and parasitical plants as often to 
present an impenetrable bamor But the richness of 
vegetation giodually diminishes with the temperature, 
tho splendour of the tropical forest is succeeded by tho 
regions of tho oIiyg and vine ; those again yield to the 
verdant meadows of moro temperate dimes', then fol- 
low the birch and tho pine, which probably owe their 
existence in very lugli latitudes more to tho warmth of 
tho soil than to that of tho air. But oven thcBo en- 
during plants become dwarfish stunted sliiubs, till a 
verdant carpet of mosses mid lichens cnamolled with 
flowers exhibits tho last BignB of vegetable life duung 


u 
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picul ami jHilnr Horn, niuUlnri* mi in* to 
llio only icrpiMw for vtyduinm, mini* neither 
i ulflp hoi mm iIhi km <U Hlmyn tlm l^i*ti| 1 ty of 
Liiic< In wilt pUtii* mol mtinly ihwrtu alutic^ ^op e | eB ^ 
luoumoM |ii ♦ \ hiIn. IMaiiu grow on llu* ho^dcis of ) lot 
firing*- tiny form tlo ham i win rm*i inu| Hlulc 0x * 
nnmiig llio horning wtmln of A CrU a llu*y m c f OUll ^ ^ 

CAvoriii vohl of llglu , ihmigli gmii'r*lly Ulmiclwa and 


focblo. Tbo (Krau Idem* irilli Yr^rlallon. Tlao 




Uielf not only prwlurro a rrtl olya, dlttcovcrod "by 
SnuMurr In llir frtum ilcrllvIUm nf tlio Alp ftj found in 
nbumlttnrr by tbo miilwr rro^loK <bo Col da JJonhomme 
irom K*\ny m I'lnlmnnl, mul by llw pnlrLr imvlgatois 
in tho A rcllf tiKliitH, loll if Kllurdw idiplusr to tHo x*ro- 
iliulioniof ihowlnliiw|iiUhIi tllmw, Agnlimt tlia piercing 
urlntln lint awpi |i mrr HrbU uf rrrrlfl*llupj lea. 'X’haso 
liilcrtjnlnff marlnt'rpi iiaitaIf>, tbit molar tliU cold de- 
fend pUnl* firing up, i1I«km n» tin* Allow i\ iow inches 
round, mol ibt» purl aIkwp l*.mg Again c^uicbly frozen 
Into a imiiApAronl *lirti of lrt% wlmiu llio aun'a rnysj 
which Winn mol chml*h tlir plma In this natural 
liot-houiio, fill fhr irtumlng tummer irinlorn aucli pio- 
IpcUou unnccc*rtry, 

Hy Fir Ui« gtwurr pdri of the Imndrocl and ton 
thoumml known t|wdo« or plum art? f iitligoncrua in 
Kqulnncllil Amorlwh Knropo contains about half tlio 
miniborj Adi, with tin IsJaiuIk, wmewlmt 1 esfa than 
Jiuropoj Now llollimli vrliJt ib* UIiikIb lu the l^'noiflQj 
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still leaa ; ami in Africa tlicic mo fewei vegetable pro- 
ductions llion in any part of the globe of equal extent* 
Voiy few social plants, such as glasses and heaths that 
co\ei lmgo tractB of land, aio to be found between tlio 
tiopica, except on the Bca-coaaU and elevated plains* 
some exceptions to this, liowcvoi, aro to bo mot with m 
tlio^jungles of llio lloccan, Kliniulish, &c. In tlio 
equ atonal legions where tlio bent is always great, the 
disluhution of plants depends upon tlio mean annual 
tcmpeialuio; wlicicas in tcmpoiato /ones, the distnbu* 
tlon is legulatod m some dcgiee by tlio summei heat. 
Some plants rcqulio a gentle wannth of long continu- 
ance, othois flounsh most wlicio the oxtiomes of heat 
and cold aro grcatci . The innge oi wheat is vciy gicat 
it may ho cultivated as iai noitli as the 60th dcgiee of 
latitude, but in the touul /one it will seldom foim an oai 
bolow nu elevation of 4300 feet above llio levol of tlio 
eon, from exuboinneo of vegetation; nor will it upon, 
above the lioight of 10,800 feet, though much dopemls 
upon local clicumalancoB* Colonol Sykes states that, m 
the Deccan, wheat thrives 1800 feot ahovo llio level of 
(ho sea, The host wines mo produced between tlio 30th 
and 'Iff ill dcgiccs of noith latitude* With icgaid to 
tlio vegetable kingdom, elevation is equivalent to lati- 
tude, as far as tompoiatme is concerned, In ascending 
thu mountains of iho ton id aono, the richness of the 
tiopical vegetation dhmnishca with tho height ; a suc- 
cession of plants similar though not identical with thoso 
found m latitudes of corresponding mean tompointuio, 
lakes place; llio lofty foicsls by dcgiccs lose then 
splendour, stunted shrubs succeed, till at last tho pio- 
grcfl* of ihc lichen Is checked by olomnl biiow, On llio 
volcano of Tmunlfib theio aio five succosaivo zoucb, each 
producing a distinct uco of plants, Tlio Hist is tho 
u 2 
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legion of vinos, tlio next that of laurel* , them' are fol- 
lowed by the illstiicls of phios, of uMiuntnlu Ihmoiii, nml 
of grass; tho whole covuung the iledmly oi dm p**k 
through im extent of 1 1,200 foot uf perpend iruhr 
height 

Ncni the equator, the oak flourlnlieH nl die In Ighi oT 
<)2()0 feet above the lovul of the non ; mill on the tofty 
inngo of tho Himalaya, the pihmdn, l ho rrtnvftltftrii, 
ami tho veiomca hlomumij h\u not the prninn»c, the 
lily of tlio valley, or the voionlen wlmli adorn our 
inofidown . for although the herhimmn collided hy Mr* 
Moorcruft, on Ills loulo from Neehv to Hahn Mml 
Oarlopo In ChiucRo Tnrlmy, m elevnilonn hh high or 
oven higher than Mont lllnnc, alumnd* in Alpine ami 
lUuropoan gonornj tlio apocica are nnivouudly dillbnmt, 
with thu alnglo exception of tho rlimUok rosea, which 
ia idomlad with tlio spccloi dint bloom* in Sendvmi, 
It 1 h not In tliifl instance alone that tlmllnrUy of clhnito 
ohtaiiib without Identity of production* ; througliout 
the wholo glolxi, a cm lam analogy both of Blriicmra 
and appeaimico h frequently discovered lieiween plant* 
under ooncspomltng chcuiniilnncc*, which art' yei ape- 
olflcally (llflbronfc, It Js oven said, that a ilhlnnro or 
26° of latlmdo occasions a total change, not only of 
Yogotablo productions, but of orgaulncd beluga CVr* 
tain it is, that each separate region boili of land oiwl 
wator, from tlio froKon shores of tlio polar circle* to 
tho burning rogloua of tlio torrid aono, pouewa a Klora 
of apoolcs peculiarly in own, Tlio wholo globe Jiu 
boon divided by bolanlcal geographer* into iwoiity-acroh 
botanical districts, dlfforlng almost entirely in tbdr 
^oclfio vogoUblo production* ; iho limit* of wltieh «re 
dooldod whon they are aopirated by a wldo oxpui** 
of octian, foouuUlm cludni, Bandy dwerif, mIi pUJoi, or 
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internal BcriB* A considciablo number of plants aie 
common to the noithoin legions of Asia, Emopc, and 
America,, whcic tho continents almoBt unite, but, m 
ap pi oft clung the south, tho Floras of thceo three great 
diviBiona oi the globe diflW moio and moro even in the 
same paiftllcla ol In li hide, which shows that tempoi- 
ftluio alone is not tile cause of tlio almost complete 
divomly of speolea that cveiy whoic piovails. The 
Floras of China, Sibcna, Tartniy, of the Emopoau dm- 
tuct Including Ccntial Em ope and the coasts of the 
McdiUnianean, and the Ouontal legion, compiling the 
countues lonnd Uio Black and Caspian Seas, all iliffei 
111 KpcclAo clmiftCtci. Only twenty- lour species weie 
found by MM Bonpland and Humboldt m Equinoc- 
lial Amcncft identical with those of the Old Woild, 
and Mi Blown not only found that a pecuhai vege- 
tation exists m New Holland, botweon the 33d and 
S^th paiallela ol south latitude, but that, at the 
eastern and western extienulics of these parallel, 
not one apccics is common to both, and that certain 
genoia also mo almost ontliely confined to those spots. 
Tha number of apoetes common to Australia and Europe 
are only 1GG out of 4ilOO, and probably Borne of tlieso 
havo been convoyed thither by the colonists. This 
proportion exceeds what la observed m Southern Afuca, 
nnd, ftom what haa boon already statod, the propoition 
of Emopcan species in Equinoctial Ameilca ib etill less 
Islands partake of the vegetation of the nearest con- 
tinents, but whon vciy remote from land their Floiaa are 
altogether peculiar, The Aleutian Islands, extending 
between Asia ami Amorlca, paitake of the vegetation of 
tho northern parts of both theao continents, and may 
lmvo sorved as a channel of communication In Ma- 
deira and Tcnonftb, tho plants of Portugal, Spain, tho 
u 3 
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Akoics, niul of tho noilh coast of Able* are found, ami 
tho CnnniloB contain a gieai mmihci of plant* Mousing 
to tho African coast, Jlui i-ai'li of lilt* ndniiih poi- 
bomcs n Vima that cxihIh nowhori clxo, ami hr llihna, 
standing alone m tho initial of the Atlmtlr Hu an, not 
of slxty-ono lmUgonoiiH apndcM, prndnni only iwn or 
three iccogiiiBOtl an belonging to any utliri p*M of the 
woild. 

It appeal shorn tho lnvoatignUnnxof M Dr Ilumlwldr, 
that between the tmpicH tho nionmolvlmhiumia pUntJ, 
micli as grnsht'H and pulniH, winch hove only one w • d lulu, 
are to the dicotyledon mot triho, which lm\r tuomd- 
lobeflj like most of ihe Kurnpoan apccln, in tlm propur* 
lion of ono Lo ibui , in the temperate vniica th< y are an 
ono to bIx ; and in Mm Aictlr regions, where UHtMtaand 
Hohonij which form the lowest older of ihr \rgcl«hlo 
cioa tloiij abound, Iho piopurtiou i« an one to two 1 he 
flimual monocolylcdonoua and dlcolyledtmmta plants in 
tho tompoiftlc ^onefl amount lo one aixlh of the wlmlr, 
omitting the (Jiypiogainia 1 \ In llm torrid »onr, limy 
flQArcoly form ono twentieth, and hi Lapland our ildr. 
tiotli pari* In approaching tho oqunior, tho ligneous 
exceed ihq numboi of herbaceous plant ■ { hi America, 
thoro aro a hunched and twenty illflbwil ijwriet of 
fore«t trcoi, whorca* In thcMiuo latitude* hi Kuropc only 
thirty-four aro to bo found. 

Similar Jawa apponr lo regulate tho dlilrlhuLlcm of 
mftrlno plant*. M, Tiamouroux hoi discovered tbit tho 
groupi of algrc, or mnrlno plant*, aflbct particular tempo* 
raluroB oi Bonoa of lalllndo, Uiough name few genera pre- 
vail throughout tho ocean. Tho polar AUiuilc boiin, w 
llm 40th dogroo of north latiludo, prwem* a woU-ileflnod 
vogeWUon. Tho Won Indian kuu, Including thcCiulfof 

‘ Nolo 81 | 
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Mexico, tli o eastern const of South Amonca, tho Indian 
Ocean mid Ub gulfs, tho ahorea of New Holland, and 
the nciglilftnmng islands, liavo each then distinct 
flpccica Tho Moditeri anctin possesses a vegetation pe- 
ouhiu to itself, extending to tlic Blaoh Sea , and the 
species of mailnci plants on the coasts of Syna and in 
tho poit of Alcxaiuliin cliftbi almoat entuely flora those 
of Hue/ aiul the lied Sen, notwithstanding the pioximity 
of their geographical situation It ia obscivcd that 
shallow seas lmve a diflfeiont set of plants fiom bucIi as 
arc deoper and colder , ami, like teiieatiial vegetation, 
iho algoj aro most numeious towaids tho equator, wheie 
tho quantity must he prodigious, if we may judge fioin 
tho gull-weed, winch certainly has its oiigm in the tio- 
pical boas, and is drifted, though not by the gull stieam, 
to lughot latitudes, wlioio it accumulates in such quail- 
liliOB, that tho oaily Poitugueso lmyigatois, Columbus 
and Lei i us, compmed the sea to ovtenBivoly inundated 
meadows, in which it actually impeded their ships and 
al aimed thou sailoia. M. Do Humboldt, in his Peiaonal 
Naufttivo, inentionsj that tho mott extensive bank of 
boa-wood is in tho noi thorn Atlantic, a little west of the 
moridian of Fayal, ono of tho Azores, between the 25th 
and 36th degrees of lalitudo. Vessels returning to Europe 
fiom Monto Video, oi fiom the Cape of Good Hope, ciosb 
O ils bank nearly at an equal distance from the Antilles 
and Canary Islands. Tho other bank occupies a smaller 
apaco, between tho 22d and 26 th degrees of noith lati- 
tude, about eighty leagues west of the meridian of 
tho Bahama Elands, and is generally traversed by ves- 
sels on tliolr passago from the Caicos to tli^JJemnula 
Islands, Theso masses consist clucfly of oitt or two 
Bpocics oT Saigaauum, tho most oxtonsive genus of tho 
order Eucoidctc. 

u 4 
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Homo of the scn-wooda grow to tliu rnonimu* length 
of several lmmlretl foci, nml nil arc highly colmiml, 
though immy of them must giow iu (hr <1orp eaurn* or 
tho ocpru, lit loUl or nlmuftl loud dm km**, light Jmw* 
ever, may not Ik* tho only iirmi i|»h* nn width lilt- roluur 
of vegetable* v1c]a ikIm, miik o M. Or I T mnl hj^U nut wiih 
green plant* growing Ju rinupleio dm km a* m tlm Inn*, 
tom of one of tho mine* at rnyiterg 

ft npjicni h (lmt in the ibuk and trampdl u\u of ihr 
ocean, on the ulmrei nlloiimlvly emend and drurinl hy 
tho loMlo** \um% on the hdty Miniintam am) e\Umlod 
plain* in 1 1 10 rhilly region* of the north ami In thegudal 
warmth ui lliowmth, uperillr dl\t rally U a gmend law 
ol tho vegetable kingdom, width cannot Ik* accounted 
for hy dlvcraily of climate, and yet the aimllailty 
though not identity of specie* i« arnh, nmlrr the nine 
Uolhoimal lines, dial if tho number of Niiecli* Mnuglng 
to one of thu great families of plant* lw known in any 
part of tlio glulie, tho whole number of the phnneroga- 
mouK or lmmipetlecl plant*, and aJ«o the number of 
spade* composing the oilier vrgrublo famlllea, may bo 
estimated with considerable) accuracy. 

Various oplnfona Imva boon fouiml ou the original or 
primitive dliti Unit Ion of plant* mor (ho surface* of tlio 
globo \ but alnco lioUmiral geography liewuno a regular 
idonooj tlio phenomena observed liavo led to Urn coiu 
elusion that vegetable) omtllou must hire (akoti plaw» In 
a number of distinctly rilflbnml rcntrci, etch of which 
wai tho original seat of a eoruin number of injcuLUr 
ipeoloij wldolt at Qnt grow ilioro and nowhere daa 
ilea tlii gp oxcluilvoly oonflnad to tho Old World, and 
no indigitiouK row troo has over boon dlKovorod In tlio 
tlio whole Boutliom homJjphwe bdng destitute of 
thot beautiful and fragrant plant Hut Ud* U itlU moro 
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confhmed by multitudes of particular plants having an 
entirely local and. mBulated existence, gi owing spon- 
taneously m some paiticular spot and in no other place , 
foi oxamplo, the cedar of Lebanon, -which grows indi- 
genously on that mountain and in no other part of 
the woild 

TUo Bnmo laws obtain in the distribution of the ani- 
mal cieation. The /oophite 1 , occupying the lowest 
place m animated nature, la widely scattcied tlnough 
tlio scab of the toirul zone, each species being confined 
to the district best fitted to its existence. Shdl-flsh 
decrease m si ao and beauty with then distance fromtho 
equator, and, as far as is known, each sea has its own 
kind, and every basin of the ocean is inhabited by its 
peculini tnbo of fish. Indeed, MM. Pei on and Le 
Suem asseit, that among the many thousands of marine 
animals which they had examined, there is not a single 
animal of tho southern legions which is not distin- 
guishable by essential characters fiom the analogous 
species in the northern seas Hep tiles are not exempt 

from the goneral law. The saurian 9 tiibes of the four 
quarters ot the globe (liffbr in species • and although 
warm oountiies abound in venomous snakes, they are 
specifically different, and decrease both in the numbers 
and in the virulence of their poison with deciease of 
temperature. The dispersion of insects necessarily fol- 
lows that of tho vegetables which supply them with 
food; and in general it is observed, that each kind of 
plant ia peopled by its peculiar inhabitants. Each qie_ 
cics of bud has its particular haunt, notwithstanding 
the locomotive powers of the winged tribes The emu 
is confined to Australia, tho condor never leaves tha 
Andos, nor tho great oaglo the Alps, and although 
1 Note SIS * Note 818. 
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some birds oie common to cveiy rounhy, they mo few 
in nnmbei QuadiupedB are dudubuted in tho same 
manner wheiever man Jme not interface! Such ns nro 
ludigenoiiB in one continent aie not the same with their 
congeneis in anothei , and with the exception of sonic 
kinds of bats, no waim-bl coded animal is indigenous in 
the Polynesian Aiclnpelago, noi in any of the islands 
on the boidera of the cential part of tha Pacific 

In leuewing the infinite variety of organised beings 
that people the surface of the globe, nothing is moie 
remaikdble than the distinctions which chaiactcnso the 
different tnbea of mankind., fiom the obony skin of the 
torrid zone to the fair and 1 uddy complexion of Scan- 
dinavia, — a diffeience which existed m tho oaihcst 
recorded timeB, since the African is lcprcsontcd in tho 
sacred writings to have been as black as he is at tho 
present day, and the most ancient Egyptian paintings 
confirm that tmtli, yet it appeals fiam a comparison 
of the pnncipal oucumstancea i elating to tho animal 
economy ol physical character of tho vaiious tlihea of 
mankind, that the difftrent race*} are identical In species. 
Many attempts have been made to traco tho various 
tnbea back to a common origin, by collating tho 
numerous languages which are, or havo boon, spoken* 
Some classes of these have fow or no words in common, 
yet exhibit a remarkable analogy m tli6 laws of thou 
'grammatical construction. The languages spoken by 
the native American nations aflbicl examples of these , 
indeed, the refinement in the grammatical construction 
of the tongues of the American savages loads to the 
belief that they must originally have been spoken by r 
much more civilised class of mankind. Some tonguou 
ha*e little or no resemblance in structure, though they 
correspond extensively in their vocabularies, as in tho 
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Syrian dialects In oil of Uicbo cases it may bo mfoned, 
that the nations speaking the languages in question aie 
descended fiom the same stock , but the probability of 
a common oiigm is much greater in the In do -Em opcan 
nations, whose languages, such ns the Samciit, Greek, 
Latin, Gw man, &c., hayo an affinity both in atructmo 
and concHpondcncc of vocables* In many tongues not 
the smallest lcsemblanco can be tiaccd , length of time, 
liowcvci, may Imvo ohlitcmtcd ongiunl identity Tho 
conclusion drawn fiom the whole investigation is, that 
although llio distribution of oigamsed beings does not 
iollow the tin action of the ibothcnrml lines, tcinpoiaturo 
lias a very gieat influence on then physical development. 
The heat of llio all is so intimately connected with its 
clcctucal condition, that elcotuoity must also affect the 
distribution of plants and am mala over the face of the 
cnilh, the moic bo as it scorns to have a great shaie in 
the functions of animal ami Ycgolablo life It is the 
solo cause of many almoBphcilc and toncstual pheno- 
mena, and poi forms an important part in the economy 
of nature. 
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OF OHDIKA&\ BlFCTEICm, GFNFH \I IT OAIT KO Ff TCTRlcm Of 

1EJWSIOW METHODS Ol EXCITING flODIFS THANSI J MUCK, 

ETEOTRICB AM) NOK-FIICTHK S — TAW 01 llfl 

— DIBTRIBUTIOX TFNB10X — FTl ClUIC III \T A NJ) f t(»1U — 

ATMosnirnir eifctriciiy — nscvuer — Fiurme giouju 

— UACL srROM? — YIoriNl IIIJCIS 01 1I01UN1NO — • ITU 

^siociir — pnogpiioRracrKoi —aurora. 

Eleotiucity is one of those imponderable ngonts por- 
vaduig tile earth and all substances, ’without nfibclmg 
their volume or temp era tuie, or even giving fUiy vimblo 
sign of its existence when in a latent state, h\\ t when 
elicited, developing forces capable of pioducmg tlio most 
sudden, uolent, and destructive effbots in soma cases, 
while in others, thou action, though less energotic, U of 
indefinite and umnteuupted continuance. These mo-* 
difi cations of the elcctuc force, incidentally depending 
upon the mannei in wlncli it ib excited, pioscnt pho- 
noraena of gieat diversity, but yot so connected as to 
justify the conclusion that they ongmato in a common 
principle 

Electricity may be called into activity by maclianioal 
power, by chemical action, by heat, and by magnolia 
influence We are totally ignorant why It Is roused 
from its neutral state by such means, or of tho mannoi 
of its existence in bodies ,* whether it be b matorlil 
agent, or merely a property of matter Afl some liypo- 
thC«B is necessary for explaining the phonomona ob- 
sfryed, it is assumed to bo a highly elastic fluid, copablo 
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of moving with various degrees of facility through the 
3101 cs or even the substance of inatloi And aa ex- 
perience shows that bodies in one electnc state attract 
and in nnolhei lopel each othci, the hypothesis of two 
hinds, culled positive and negative electrictty, is adopted 
But wlicthei theie really bo two different fluids, or that 
the mutual atti action and lepulsion of bodies arise 
from tlio ledunilancy and defect of their electricities, is 
of no consequence, since all the phenomena can bo ex- 
plained on cltlioi hypothesis As each electricity has 
its peculiar properties, the science may bo divided into 
“brandies, of winch the following notice is intended to 
convey some idea. 

Substances m which the positive and negative elec- 
tricities aio combined, being in a neutral state, neither 
ntUftct noi repel Theie is a numoioua class call eel 
elcctncBj m which tlio olectiio equihbnum is deatioyed 
“by fnction* then the positive and negative electricities 
nre called into action or sepai ated , die positive is ira- 
polled m one (Inaction, and the negative in another, 
those of die same kind lepel, whereas those of different 
kinds attract each other. The attractive power is ex- 
actly equal to tlio lapulsive force at equal dntancee > 
nnd when not opposed, they coalesce with great ra- 
pidity and violence, producing the clootno flaih, ex- 
plosion, and shock then equilibrium 10 restored, and 
tile olcotricity remnniB latent till again called foitli by ft 
now ex 01 tin g cauae. One kind of olcctricity cannot he 
ovolvod without the evolution of an equal quantity of 
the opposite kiud. Tims, when a glass lod is rubbed 
with a piece of silk, as much positive electnoity is 
elicited m the glass as there is negative in the Bilk. 
Tlio kind of electricity depends more upon tho mecha- 
nical condition than on the naturo of tho suiface, for 
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when two plates of glass, one polished aiul the otliei 
rough, aie luhbed against each othoi, the polished mu* 
face acquires positive and the lough negative electricity, 
The manner in which faction is poifoimoil also alters 
the kmd of electricity Equal longtliB of black ami 
white nbbon, applied longitudinally to ono another, 
and diawn between the finger and thumb, so as to rub 
then sui faces togetlici, become cleatnc, When sopa- 
rated, the black ribbon is found to have acqunod nega- 
tive electucity, and the win to positive* but if the 
whole length of the black nbbon bo diawn acioss tho 
bieadth of tlio white, the black will bo positively and 
the white negatively electric wlion sopaiatc Elcclii- 
city may be transferred from ono body to another in 
the same manner as beat ib communicated, and, liko it 
too, tho body loses by tho transmission, .Although no 
substance is altogether impervious to the eloctuc fluid, 
nor is there any that does not oppose some resistance to 
its passage, yet it moves with much mote facility thiongli 
a certain class of substances called conductoi a, such as 
metals, watei, the human body, &c , than tlnough 
atmosphenc an, glass, silk, &o , which nro thorefoio 
called non-conductors, Tho conducting power is Af- 
fected both by temperature and moistuio. 

Bodies surrounded with non.conductois aio said to 
be insulated, because, when cluugcd, tho olectiiclly 
cannot escape W]\on that is not tho caso, tho doc- 
tncity is conveyed to the earth, which is formed of 
conducting mattei ; consequently it is impossible to 
accumulate eleotncity in a conducting substance that ia 
not insulated There are a groat many substances 
called non-electacs, in which eleoliioity is not sensibly 
developed by fnction, unless they be insulated, proba- 
bly because it is earned off by their conducting poSvcr 
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as soon ab elicited. Metals, foi example,, which arc 
said to be non-electrics, cun be excited, but, being con- 
ducts b, they cannot ictain tins state if m communi* 
cation with the eaitli. It is jnobAblG that no bodies 
exist which nio eilhei peifect nou-clectucs 01 perfect 
non-conductois. But it is evident that elcctucs must bo 
non -con due torn to n ceitam degree, other wiae they could 
notiotain tlien electnc state. 

It has been supposed that an insulated body lemaina 
at lest, because the tension of the clcctncity, 01 its 
piesauio on the air which icatiaina it, is equal on all 
sides , but when a body m a simjlai state, and chaiged 
with the same kind of elcctucity, appioachcs it, that 
the mutual repulsion of the pai tides of the elcctiio 
fluid diminiahes the piessuie of the fluid on the au on 
the adjacent sides of the two bodice, and increases it on 
thou i emote ends , consequently that oquihbuum will 
bo destroyed, /md tho bodies, yielding to the action of 
tho prepondciating foicc, will locedo fiom or repel each 
otliei When, on the contiary, they aie chaiged with 
opposito electricities, it is alleged tliat thopiessuro upon 
tho air on tho adjacent Bides will be increased by the 
mutual attraction of the particles of tho elcclnc fluid, 
and that on tho furthor sides diminished ; consequently 
that the foice will urge the bodies towards one another, 
tho motion m both cases coiieaponding to tho forces 
pioducing it An attempt has thus been made to 
attribute clectucal attractions and lcpulsions to the 
mechanical pleasure of tho atmosplieie. It ia, however, 
moio than doubtful wbethoi theao phenomena can bo 
lefeired to tliat cause, but certain it is that, whatever 
tho nfttine ot those forces may bo, they aie not impeded 
in their notion by tho intci von lion of any substance 
wliatoici, pioYulcd it bo not itself in an cloctua state. 



304 elfotbioal induction. era t. 

A body charged with deotncity, although pmfcctly 
insulated, bo that all escape of elcctiioity is piechtded, 
tends to produce an electric state of the opposite kind 
in all bodies in its vicinity. Positive clcctilcity tciula 
to pioduce negative electiicity in a body neat it, and 
vice veis/l, the effect being greater as the distances dimi- 
nishes. This powei which elect! icity possesses of causing 
an opposite clectucal state in its vicinity is called in- 
duction When a body charged with either Bpecica of 
electricity h picBented to a neutial one, its ten don cy, in 
consequence of the law of induction, is to clistmb the 
electrical condition of the nciHial body. Tho elocUU 
fled body induces electricity contiary to its own in tho 
adjacent part of the neutral one, and thoiefoio an 
electrical state similar to its own in tho lemoto part 
Hence the neutrality of the Becond body ib destroyed 
by thq action of the first, and the adjacent paita of tho 
two, having now opposite electricities, will attiact each 
other The attraction between oloctufled mid. unolcc- 
tnfied substances is theieforo merely a consequence of 
their altered state, resulting directly from tlio law of 
induction, and not an onginal law. Tho oflbols of 
induction depend upon the facility with winch tho equi- 
librium of the neutral state of a body can bo oveicoine, 

' — a facility which is proportional to tile conducting powor 
of the body Consequently, tho attraction exortod by 
an electrified substance upon another eubstanoo previ- 
ously neutral will be much more energetic if tlio lattor 
be a conductor than if it be a non-conductor. 

The law of electrical attraction and repulsion Ima 
been determined by suspending a needle of gum-Jao 
horizontally by a Bilk fibre, the needle oarrymg at on a 
ettd a piece of electrified gold-leaf^ A globe charged 
with the flame, or with the opposite kind of electricity, 
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when presented to the gold-leaf, will lepel or attract it, 
and will therefoie cause tho needlo to vilnato moie or 
Icsb rapidly according to the distance of llio globe A 
companson oi tlio mimbei of oscillations porfounod. in 
a given time, at difffeicnt distances, 'will dcteiminc the 
law of the variation of the electrical intensity, in the 
Bamo maimor that the force of giavitation is mcnsiued 
by tlio oaoillatiouB of the pendulum. Coulomb invented 
nn instrument which balances the foicea m question by 
the foice of the toision of a thread, which consequently 
measuios their intensity By this method lie found 
that the intensity oi tlio electncal attiaction and re- 
pulsion vaiics myeiBoly ns tho sqnaio of tho distance* 
Since electricity can only be in cquilibrio fiom the 
mutual lepulsion of its pai tides, — which, accoiding 
to these exp on mo fits, vanos imoiscly as the squaie of 
tho distance, — its distribution in difftient bodies de- 
pends upon tho laws of mechanics, and tliorefoie be- 
comes a subject of analysis aiul calculation. The 
distribution of electricity has been so succeaeftilly de- 
termined by tho analytical investigations of M. Poisson 
ond Mr Ivory, that all the computed phenomena liavc 
been confirmed by observation. 

It is found by direct experiment that a metallic 
globo or cylinder contains tlio same quantity of elec- 
tricity when hollow that it does when sohd. Thus, 
electricity is cntiioly confined to tlio suiface of bodies, 
or, if it doflB penetrate then substance, the depth is in- 
appreciable, so that tho quantity bodies aio capable of 
receiving does not follow tho pioportion of thoir bulk, 
but depends principally upon tlio extent of suifaco over 
which it is spread , bo that tho extouor maybe posi- 
tively or negatively clcctuo, wliilo tho mtoiior is in a 
stale of perfect neutrality. 


x 



S06 ELECTRICAL- TENSION* SECT. XXVI I„ 

Electucity of either kmd may ho accumulated to a 
great extent m insulated bodies, and so long aa it is 
quiescent it occasions no Bcnsihlo change m then pro- 
perties, though it is spread ovor thou surfaces m in- 
definitely dun layers When resti allied by the non- 
conducting power of the atmospheio, the tension or 
pressure exerted by the oleotuo fluid against tho sir 
which opposes its escape is in tho intio compounded 
of the lepulsive force of its own particles at tho auifaco 
of the stratum of the fluid, and of the thickness of dint 
stratum But ab one of thcBO dements is always pro- 
portional to the othei, tho total pressmo on cveiy point 
must be proportional to tlio Hquaie of the thickness. 
If this pressure be less than the coercive foico of tho 
air, the electricity is letained , but the instant it exceeds 
that force in any one point, tho olectucity escapes, which 
it will do when the air ib attenuated, or becomes mUu- 
rated with moistuie. 

The power of retaining electucity depends also upon 
the shape of the body It is most easily 10 tamed by 
a sphere, next to that by a spheroid, but it icadily 
escapes from a point, and a pointed object lecciYOs 
it with mogt facility, It appears from analysis, that 
electricity when m equilibria, spreads ltsolf in a thin 
stratum over the surface of a splieie, in consoquonco 
of the repulsion of its particles, winch foico is di- 
rected from the centre to tho surface, In an oblong 
spheroid, the intensity or thickness of tlio stratum of 
electricity at tile extremities of tho two axes, is cxaotly 
in the proportion of the axes themselves; hence, when 
the ellipsoid is much elongated, the electricity becomes 
TOTjr feeble at the eguator and powerful at tlio poles, 
A still greater difference in the intensities takes placo 
ln r b$diea qf a cylindrical or prismatic form, and tho 
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moiG so in proportion as then length exceeds their 
bieadth; therefoie the olectiical intensity is veiy 
powciful ftt a point, where ncaily the whole eleotncity 
in tlio body is conconlintcd. 

A perfect conductor is not mechanically affected by 
the passage of electricity, if it be of sufficient size to 
cany off the whole, but it is sin vexed to pieces in an 
instant, if it ho too Bmall to cany off the chargo this 
also happens to a bad conductoi In that case the 
physical change is genoially a separation ot the panicles, 
though it may occasionally be attributed to ohemical 
action, or expansion from the heat evolved duung the 
passage of the fluid , but all these effects ore in pro- 
portion to tho obstacles opposed to the freedom of its 
couisc, Tho heat pioduccd by Lhc olectiio shock is 
intense, fusing metals, and oven YolatiliBing substances, 
though it is only accompanied by light when the fluid 
ib obstructed in its passage, Elcctiical light is perfectly 
Bimilar to solai light in its composition , accoidmg to 
M. Biot, it antes fiom the condensation of the air 
during tho rapid motion of the electricity, and varies 
both In intensity and colour with the density of the aU 
mospheie, ^Vhon the air is dense, it is white and 
brilliant, whereas, m rarefied air, it is diffuse and of a 
i eddish colour, Tho experiments of Sir Ilumphiy 
Davy, however, seem to he at vauanco with tins 
opinion. lie passed tho electric spaik through a 
vacuum over meicury, which fiom green became 
successively sea-green, bluo, and pm pic, on admitting 
different quantities of an. When the vacuum was 
made ovci a fusible alloy of tin and bismuth, the spark 
was ycllowiBh and extremely pale. Sir Humphry 
thence concluded, that electrical light pnncipally do- 
ponds upon sorao piopeitics belonging to tho pon- 
\ 2 
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durable mfltlei through wlnrli it lunur*, and Klmt npico 
Js capable of exhibiting luminmm npinariimi**, ihmigh It 
does not contain au appreciable qmuiihy of mailer, 
Ho thought Until Improlwhlr* ih*t tin* nujhrhrUI |*r_ 
Ildus of bodlf* which form vupmir, win n di.im hnl liy il ic 
repulsive power of lnat! might Ik* equally "para'id by 
tlia olcchlc foiun, mill pindme hnnmmiv a|qHAnmre* 
in vacuo, by tin* ilrifti urllnii nf fhrir iqqmallc tlrcirfo 
ataloH. PicMHiiro \n n am tree of < lisirlniy nblrli M. 
Hecquorrl In \n Imiml la Ik* cmmmm in all Unlli * , Ihh \\ \% 
liecofimiy to linmlato tin in to prmnl tu ticA|K\ W hen 
two substance* of Any Mini wlmmir are iinuhtnl And 
prmed together, they nuuinr tlUllnnl rlrcirlr Mate*, 
but they only show contrary eh rirMiir* vrlit n one 
of them 1 h a row! conduelnr, When Imlli art* good 
coiiiliiotorn, they mind )x< nrjuMliil with oxlnmr n* 
pldily, to prevent die two fluid* from minltltig When 
tho AcpAiaiiou fi \ ary sudden, the temritm nf ihr [wo 
elcotiicllioA may bu groat etmugh lu produce light, 
M. llrcqucicl rmilhutcx (ho light produced by ihc 
collision nt IcclH’rg* to thin eauw Iceland ijur U 
made electric by tin* nmnl1e«i pre^sore between the 
flngor mid thumb, mid retains it for a lung time. 
AU tlioic cimmiatonecs are modified by the temper- 
ature of tlm mbitmieoa, the *uie of their nirfaew, 
and that of tho atmosphere. Brvoral crystalline sub- 
aUncui bccomo electric when healed, oajvedally lounni- 
linoj one ond of which acquire* poalUvc, and the oilier 
ucgatlvo oloolrloliy, whllo the iniemipdiaie part la 
noulml, If a Lourmallno bo broken through ilio middle, 
onch fragment la found to potAesa poalilve clcerrldiy it 
one ond, and negative at tho other, llko liio muire cryi- 
tftl. Hloetrlclly li evolved by botlict pwaitig from a 
1Ic|Ul1(| to & aolid atato ; olio by chorale*! action, during 
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l ^° l>ioc\^ condensation of vapoui, which la 

coi^qcquQj^^^y Rji^ent source of atmoapheno clcotncity 
In abort, ^ >Q Btflte ^ generally, that when nnycauae 

wlmtGvoi^ friction, piCBsuie, heat, fiacture, chc- 

nncfil acti^u * c ». tends to destioy molecular atti action, 
tlicicriB ^ Ojprnont of clcctncity If, liowevci, tho 

inoloculoa | ? c* immediately sepmated, thcic will be 

an indtavi tr*!* 4 ^* 3 *^ reunion of the two fluids 

Thu at\^o 0 ^ lGlVG .» when cl cat, is almost always posi- 
tively eluotyl* 3 * X ta electricity is stiongci m wintci than 
in BUWiiviQ^ ^^liig the day than in the night* The 
intensity |jt^ jC ^ae8 for two or threo hours fiom the 
limo of comes to a maximum between seven 

anil oipfl vtj clccieaaes townida tho middle of the 

^ a Yt nirivi?^ at * ts minimum betwcon one ami two, 
anti nguu\ as tho sun declines, till about the 

limo ol a ftei winch it dimi nislies, and continues 

fcolilo tlit; night Atm oaplicuo el ectncity arises 

pw tly C\ evolution of tho electric fluid timing die 

ovfipoifttloA* that I b so nbuudant at the bui face oi the 
earth, tlioupf^ 1 Uot under nil cn cum stances M Pouillet 
lifts rcooutiy c °rno to tho conclusion, that simple evapor- 
ation Uovc^ ploduccs electricity, unless accompanied 
by ahomlartl flC hon, hat that elcctncity ib always disen- 
gaged wlioO ^ lQ wntoi holds a B(ilt or some othci sub- 
stance In solution, lie found, when walor contains 
lime, clialVcj or nny a olid alkali, that tho vaponi arising 
lioin \l 1r negatively electric, anil when tho tyody held. 
Ill Holntiou I* 5 either a gns, acid, oi some oi tho spits, 
that ihu vftp°nr given out is positively electric. The 
occmti must thorofoio affoid a gicat supply of positive 
oluctiioity to tlio atmosphere , hut as M. Bccqueicl lms 
hIiowii that electricity of one kind or othei is devciopod, 
whenever tlio moloculcs of bodies nro dowingcd fiom 

x 3 
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their natuial positions of equilibrium by any cmiso 
whatever, the chemical changes on the surface of tho 
globe must occasion many vauntioiia In the olcchicnl 
state of the atmosphcio, M. roulllct aflhmH, llmt 
plants afford abundance of poaitivo eloctwcily during 
their giowtlij and that inoio positive electricity ia <1 nt- 
engaged, in the com so of one dajj fioin a fuitiuco of 
a bundled equaro yards in ih!I vegetation, than 'would 
chaige a powerful batteiy , but it is difhcull to lcton- 
cile this with the iaot of tho aimoaphoio being more 
chaiged with olcctncity dining the winlei than in 
sumnioi M* Be 3a llivo has come to rosulLs in Ins ex- 
periments so discordant with those of M Poiullol, tlint 
he finds it impossible to lcgaid vegetation nn I lie 
source of the positiYo electricity of the nil, and ngieca 
with M Becquerel, in attiibuting it to Lho moiogcnoia] 
cause of the unequal distribution of heat in the almo- 
splicie Clouds probably owe their cMBtence, or at least 
tlicu foim, to electricity, foi they consist ot hollow 
vesicles of vapom coated with xt. As tho clocti icily 
is either entnely positive or negative, tho vcbIcIch 
repel each otliei, winch piovonla them fjom uniting 
and falling down in rain. The friction of thu bui- 
foces of two strata of aii moving in difibrenL dilu- 
tions, pi obably dovelopes clectiloity j nml if Lho Hindu 
he of different tom p ora tu res, a portion of tho vapour 
they always contain will bo deposited j tile electricity 
evolved will bo taken up by tbo vapom, and cause it 
to assume the vesicular state constituting a cloud. A 
vast deal of electricity may be accumulated in ihfa 
manner, winch may bo either positive or negative, and 
should two cloudH charged with opposite kinds, ap- 
IjTOaoh within a ccitain distance, the thickness of tho 
coating of electricity will increase on tho two sides of 
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the clouds that are nearest to one anothei , and when 
the accumulation becomes so great as to ovcicome the 
coercive pressure of the atmoaphoio, a tliechaigc takes 
pkco, which occasions a flash of lightning The actual 
quantity of electricity in any one pint of a cloud ib ex- 
tiemely small The intensity of the flash auees flora 
the veiy great extent of suifneo occupied by the elec- 
tnctty, bo that the clouds may bo compared toenoimous 
Leyden jais thinly coated with the cleclnc fluids which 
only acquires its intensity by its instantaneous con- 
dcnsation. The rapid mid megulai motions of thunder 
clouds Rie, m all probability, moie owing to Btrong 
elcctucal atti actions and repulsions among themaelves 
than to ounents of au, though both aie no doubt 
concerned in these hostile movements 

An interchange fiequently takes place between the 
chunk and the caith, but so rapid ib the motion of 
lightning, that it is difficult to asccitam when it goes 
fiom the clouds to the earth, 01 shoots upwards fiom 
the caith to the clouda, though thcie can be no doubt 
that it does both M, Gay-Lussao has aaccr tamed that 
a flash of lightning sometimes daita moro than three 
miles at once in a straight line, 

A person may he killed by lightning, although the 
explosion takes place at tbe distance of twenty miles, 
by what is called the back stroke Suppose that the 
two extremities of a cloud highly chaigcd with elec- 
tnoity hang down to wauls tho eaith, they will repel 
tlie olcctuciLy fiom tho cnith's suifacc, if it be of the 
same kind with then own, and will ath act tho other kind, 
and if a dischaige should suddenly take placo at one end 
of tho cloud, tho cqmlibi mm will instantly berostoredby 
a flash at that point of the earth which is undm the 
othcu Though tlio back stioko ia ofton sufficiently 
x 4 li 
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powerful to destioy life, it i*i nevei ao ternblc in its 
effects as tho direct shock, which is frequently ol in- 
conceivable intensity Instances havo oooimccl m winch 
large masses of iron and stone, and even many feet of 
a stone wall, have been convoyed to a coiisidciahlo 
distance by a stioke of lightning. Rocks and tho tops 
of mountains often bcai the marks of fusion fiom its 
action, and occasionally vitieoua tubes, descending many 
feet into banks of sand, mink the path of the oloctuc 
fluid Some yeaia ago Di Fiedler exhibited seveial of 
these fnlgonteB in London, of consulciablo length, 
which had been dug out of the sandy plains of Silesia and 
Eastern Prussia, One found at Padoibom was foity 
feet long Then ramifications geneially tcunniatc in 
pools or springs of watei below the sand, which are 
supposed to determine the course of tho elechic fluid, 
No doubt the soil and substiata must influence its di- 
rection, Bince it is found by experience, that places 
which have been struck by lightning aio often stiuck 
agami A school-house in Lammei-muu In East Lo- 
thian, has been stiuck thiee diffbient times. 

The atmospheie, tit all times positively olcotrlo, 
becomes intensely so on tho appioach of ism, snow, 
wind, hail, or sleet, but it after Wai da viulcs, and tho 
transitions aro veiy lapid on tho appioach of a thun- 
der-storm An isolated Conductor than gives out 
such quantities of spaiks that it is dangoious to op* 
proaoh it, as was fatally experienced by ProfoHBor 
Richtoan, at Petersburg, who was struck dead by a 
globe of flro flora the oxtremity of a conductor, wlrilo 
making experiments on atmosphono elcotricity, Thoio 
is no instance on recoid of an elcctilo cloud being dis- 
pelled by a conducting rod silently withdrawing the 
electno fluid, yet it may mitigate the stroke, 01 rondor 



fiEffr TTYII. VLLOOirY or SLEOTIUOITY SIS 

it liarmle&s if it should come. Sir John Leslie thought 
that the efhoacy of con cl no tore depends upon the rapidity 
with winch they tiaubmifc the electnc eneigy , and aa 
copper is found to transmit the fluid twenty times 
faster than non, and ns iron conducts it foui liundied 
millions of times more lapidly than water, which conveys 
it soveral thousand times fastei than dry stone, coppei 
conductois afford the heat pi election, especially if they 
expose a bioad surface, sinoc tho electnc fluid is con- 
veyed chiefly along tho oxtenoi of bodies The object 
of a conductor being to cany off tho eleclucity m chbo 
of a atroko, and not to invito an enemy, it ought to 
piojoot veiy little, if at all, above the building 

Tho velocity of clcctucity is bo giect, that the most 
input motion which enn he pioduccd by art, appeals to 
bo actual lest when compaied with it A wheel 1 evolv- 
ing with celcuty sufficient to render itB spokes invisible, 
when illuminated by a flash of lightning, is Been for 
an instant with all its spokes distinct, as if it weie m a 
state of absolute lopoee Because, however rapid the 
lotntlon may bo, the hght has come and alioady ceased 
bofoio tho wheel has had time to turn through a sen- 
bible spaco* This beautiful experiment ib duo to Pio- 
fessor Wheatstone, as well as the following vauation of 
it, which is not less sinking, — §mce a sun-beam con- 
sists of a mixture of blue, yellow, and red hght, if a 
oh culm pieco of pasteboard bo divided into three sectois, 
ono of which is painted blue, anothei yellow, and the 
tin ul icd, it will appeal to be white when, revolving 
quickly, because of the lapulity with which the lmpiea- 
sion a pi tlio coloiua Buaceed each otliei on the retina 
But tho mBtant it is illuminated by an electnc spaik, it 
scorns to stand still, mul each colour is as distinct hb if 
it woio at ieBt. — This tiansccndcnt spoctlof the elcctno 
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fluid has been ingeniously meaTiued by Profess^** 

stone, an<l although his experiments nrc not i |lrl e ^oiigh 

advanced to enable lum to state its -. ° ^^y* 

he lias ascei tamed that it much sin passea tl'° V c of 

hght 

An insulated coppei wiro, half n mile loiif?* *** BO dis- 
posed that ite conb e and two extiemitioa in 

the hon/ontal diameter of a small disc, o\ ar l^^to 

of metal, fixed on the wall of a dftikened 1 ooi 11 ' ^^lion 
an elcotnc apaik is Bent tlnough tho "Wito^ SCon 

tho tin ee points appaiently at tho same uistn* 1 *" tho 

distance of about ten feet, a small lovolvluf? i^iuor ra 
placed so as to reflect these tluoe spaiks tjurinC lo vo- 
lution From the extreme velocity of tho elccti^^Vj it is 
clear, that if the three sparks ho simultaneous* thoy will 
be reflected, and will vanish before tho minor l** 10 sonBibly 
ohangedita position, however rapid its lotutio** “be, 

and they will be seen in a straight lmo JJtxfc i ^ tbo tlvrcc 

apaika be not annul tan eously transmitted to cllac 

if one, for example, he latei tlmn tho otliox* two- tlie 
mirror will have time to icvoIyc through an I title finitely 
email arc in the mteival between the lofloctio 1 * tho 
two sparka and the Bingle one Ilowovor, th^ only in- 
dication of this small motion of Iho minor will bo, tliat 
the single spark will not bo lefloctod in tlie Btraiglit 

line with the other two, but a little above or below it, 
for the leflection of all thieo will still bo apparently 
simultaneous, die time intervening being mxt oil too abort 
to be appreciated. 

Since the distance of the i evolving nnivror from tlie 
disc, and the number of revolutions wlucli it makas in 
a second, are known, the deviation of lha i e flection of 
the ainglo spark fiom the reflection of tho otlior two ouU 
be computed, and consequently die time u]ni>oetl between 
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their con&ccutivo reflections can bo ascertained And &b 
tlie length of that part of the 'vvno tlnongh which the 
electricity lws passed ib given,, ita velocity may bo found 

Since the liumboi of pulBea in a second requisite to 
produce a musical note of any pitch is known, the 
nuraboi of revolutions accomplished by the ramoi in a 
given time 18 determined from tho musical note pro- 
duced by a tooth oi peg in its axis of rotation atiiking 
against a caul, or fiom the notes of a suen attached to 
tho fixiB It was thus that Mr Wheatstone found the 
velocity of the mnror to be such, that an angnlai devi- 
ation of 25 ° in the appeal anco of the two spaiks would 
indicate an interval not exceeding the millionth of a 
second The use of sound ns a measuio of veloaity ib a 
happy illustration ol the connexion of the physical 
sciences, 

When the ntmosplieio is highly charged with elec- 
tncity, it not uu frequently happens that clectiic light 
in die form of a atm is seen on tho topmasts and yord- 
auns of ehipa In 1831, the Fronoh offleeiB at Algiers 
wore surprised to boo brushes of light on the heads of 
their comrades, and at the points of their flngoiB, when 
they held up then hands Tina phenomenon was well 
known to tho ancients, who reckoned it a lucky omen, 

Many substances m decaying emit light, which is 
attributed to electricity, such os flsli and rotten wood. 
OyBtcr shells, and a variety of mincials, become phos- 
phorescent at ceitam tempera tuics, or when exposed to 
olcctuc BliockB. The minorals posBCBHmg tins property 
ATO generally colouied or imperfeotfy tianBparent, and 
though tho colour of thii light vaiies in difFeient sub- 
b tan ccs, it has no fixed 1 elation to tho colom of tlie 
mineinl, An intense heat entirely destroys this pro- 
]Krrty, and tho phosphoiescent light developed by boat 
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has no connection. with light pioduced by friction, foi 
Sir David Biew&tor observed, that bodies dqmved 
of the faculty of emitting the one mo still capable of 
giving out tl\e othei. Among the bodies which gene- 
rally become phosphoiCBcent when exposed to bent, theio 
aie some specimens which do not possess tins pioporly, 
wherefore pliospboieacence cannot bo legal ded as nil 
essential cliaractei of tho minoinls posBcssing it* JIuI- 
titndes of flail aie endowed with tho powoi of omitting 
light at pleasure, no doubt to onable them to pursue 
then pi ey at depths wheie tho sunbeams cannot pene- 
trate Flashes of light arc frequently seen to diu t along 
a shoal of houinga or pdchnids, and tho Medusa hi boa 
are noted for then phosphorescent bulhancy, many of 
which aie extremely small, and bo numeioua as to make 
the wake of a vessel look like a stream of Bilvor 
Nevertheless, the luminous appoaiance wlucb is fro- 
quontly obBeived in tlio seqt during tho summer months 
cannot always be attributed to marine ammnlculeo, as 
the following narrative will show* — 

Captain Bonnycastlo, coming up t^o Gulf of St. 
Lawrence on the 7th of Seplombci, 1826, waa lousod 
by the mate of the vessel in groat alarm rfrom an 
unusuaj appearance. It was' a starlight niglu, wlion 
suddenly tho sky became overcast in the direction of 
the high land of > Cornwallis country, and an in- 
stantaneous and intensely vivid light, loaomblmg tlio 
aurora, shot out of tho hitherto gloomy and daik tea on 
the he bow, wlpch^ft* so biilliant that it lighted every 
thing 'distinctly oven to the mast-head. Tho light 
spread over the whole sea between tho two shoios, and 
the waves, which before had beon tranquil, now began 
to be agitated. Captain Bonnycastlo describes tlio scene 
os that of a blazing sheet of awful and moBt brilliant 
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light. A long ami vivid line of light, superior m blight, 
ness to tlio paits of tho sea not immediately neai the 
vessel, showed the base oi tbo high, 1 1 owning, and daih 
laml nlneast, tlio sky becama lowoung and moio in- 
tensely obscuro, Long toituous linen of light showed 
immense mimbcis of vciy Inigo flbh dialing about ns if 
m consternation. The s pr t torn 1-y aid and mi/an-boem 
wmo lighted by tlio inflection, as if gas lights had been 
burning directly below them, and until j Ubt befme day- 
bleak, nt lour o'clock, the most minuLo objecU wen* 
distinctly visiblo. Day bioko voiy slowly, and tlio sun 
roflo of a fiery and tbicnloning aspect llnin followed. 
Captain Bonnycosllo caused a bucket of this flciy wnlei 
to be drawn up ; it wns ono mass of light when ulnicd 
by tlio hand, and not in bpniks as uBiinl, but In actual 
coiubcations. A poi tion of thu wnlei picsoivod its lumi- 
nosity lor soven nights, On tlio thud night, tho scin- 
tillations of the sea icappeaicd, thin ovonmg the sun 
went down voiy Bingulaily, exhibiting m H« descant a 
double sun, and when only a few dcgicos high, its Bphe- 
ileal flgiuc changed into that of a long oyhndoi, winch 
reached tho hoiiwm In tho night tlio sea became 
nearly as luminous rb bofoio, but on tlio filth night 
tho appooranco onlholy ceased. Captain Bonnycnallc* 
does not think it piococdcd lrom nnimalculne, but 
imagines It might bo some compound of phoaphoum, 
suddenly evolved and disposed ovoi tho suifneo of tho 
sea ; peilmps from the oxuvlnc or secretions of fish 
connected with tho oceanic Bulls, muriate of soda, and 
sulplmlo of magnesia, 

Tho amom boioalis Is decidedly an electrical pheno- 
menon, winch lakos place in tlio highest legions of Lho 
atmosphcic, smeo it is visiblo at tho sumo time Aoni 
places veiy far dUlnnl from each otlici It is somehow 
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connected with the magnetic polos of the earth, hut it 
liaa never been seen so far noi th oa the pole of the eoi th’a 
lot&tion, noi doeB it extend to low latitudes It gene- 
rally appears m the form of a luminous Rich, all etching 
moie or loss from east to west, but never from north to 
south j across the arch the coruscations are rapid, vmd, 
and of vauouB colours. A similar phenomenon occurs 
in the high latitudes of the southern hemisphere. Di, 
Faraday conjectures that tiro eleotrio equilibrium of the 
earth is icstored by the aurora conveying tlie oloctnaty 
from the poles to the equatoi. 
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SECTION XXVIII, 

VOTTAIO rLFCTRirilY TJU YOLTAIO UATTPIU IMINBITT 

— (iDAvury — ooMrAiusov o> rur i-r 1 crtii( nv oi Iin- 
^lon wuu rrFCTftjoiir in motion — luminous mi tots — 

DECOMPOSITION OP WAT* R, — FORMATION OP CKYSrAIb 11Y 
YOLTAIO F LB CTRI CITY ELBCTR1CAL TISII 

Voltaic olectncity is of that peculiar land winch is 
elicited by the force of chemical action It is con- 
nected with one of tlio moBt brilliant penods^of BulibH 
BOience, from tlie splendid discoveuos to winch it led 
Sir Ilumplny Davy; and has acqunetl additional mtoi- 
eat since tho discovery of the recipiocal action ol Voltnie 
and magnetic cm rents, which has proved that magnotiBin 
18 only an effect of clectucity, and lias no existence as a 
distinct 01 separate punciplo Consequently Voltaic 
electricity, as immediately connected with the theory of 
tho earth and planets, foims a pait of the physical ac- 
count of their nature, 

In 1790, while Qalvam, Piofessor of Anatomy In 
Bologna, was making oxpenments on oleotiicity, ho 
was surprised to see convulsive motions in tlu^limba 
of a dead fiog accidentally lying near tho machine 
during an electrical discharge, Though a similar ac- 
tion had been lioticod long befoio lus tamo, lie was so 
much Btiuck with thiB singular phenomenon, that ho 
examined all the cn cum stances carefully, and at longtli 
found that convulsions take placo whan the nerve and 
muBclo of a fiog aio connected by a mctallio con- 
ductor This excited the attontion of all Europo , and 
it was not long befoie Professor Volta, of Pavia, showed 
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that the moie contact of diffeient bodies is sufficient 
to distui b electrical equilibrium, and that a curionfc 
of clectuoity flows m one du action llnougli ft cir- 
cuit of three conducting substances* Fiom this he 
was led, by acute lensomng and expaument, to the 
constiuction of the Voltaic pile, winch, m its early 
form, consisted of alternate discs of zinc and copper, 
separated by pieces of wet cloth, the extiemitics being 
connected by wncs This simple appaiatua, peiliaps 
the most wondeiful instrument that has been invented 
by the ingenuity of man, by divesting electricity of its 
sudden and uncontrollable violence, and giving in a 
continued stream a gicater quantity at a diminished 
intensity, has exhibited that fluid undm a now and 
manageable form, possessing powers the most aston- 
ishing and unexpected As tlie Voltaic batteiy hai 
become one of the most impoitant engines of physical 
research, some account of its present condition may not 
be out of place 

The disturbance of electric equilibrium, and a deve- 
lopment of fdectucity, invariably accompanies tlie 
chemical action of a fluid on metallic substances, and 
is most plentiful when that action occasions oxidation* 
Metals vary in the quantity of electricity afforded by 
their combination with oxygen, But the greatest 
abundance is developed by the oxidation of who by 
went sulphuiio acid And in confoimity with tlie Jaw 
that one kind of electricity cannot be evolved without 
an equal quantity of the other being brought into ac- 
tivity, it ib found that the acid ia positively, and the 
zinc negatively electric. It has not yet been ascer- 
tained why equdibnum is not restored by tho contact of 
these two substances, which are both conductors, and 
in opposite electrical states, However, the electrical 
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and chemical changes are so connected, that unless 
eqwlibimm be lestoied, tlio action of tho acid will go on 
languidly, or stop as soon as a cortain quantity of electri- 
city is accumulated in it. Equilibrium, nevertheless, 
wdl bo restored, and the action of the acid will bo con- 
tinuous, if a plate of copper be placed in contact with 
tho 7inc, both being partly immersed in tho fluid, foi 
the copper, not being acted upon by the acid, will servo 
os a conductor to convey the positive electricity fiom 
tho acid to the zinc, and will at every instant lcstoro 
the equilibrium, and then the oxidation of the zinc will go 
on lapidly. Thus, three substances are concerned in 
forming a voltaic cncuit, but it is indispensable that ono 
of them should bo a fluid The elcctucity so obtained 
will be vciy feeble, but it may bo augmented by in- 
creasing the number of plates. In the common voltaic 
battei y, the clcotucity winch the fluid has acquned from 
tho flist plato of zme exposed to its action, is taken up 
by tho copper plate belonging to the second pair, and 
transfcired to the second zinc plate, with which it is 
conncctod The second plate of zinc having thus ac- 
quired a larger portion of olectiicity than its natural 
ttliaro, communicates a laiger quantity to tho fluid in 
the second cell Tina increased quantity is again 
transferred to the next pair of plates, and thus ovoiy 
succeeding alternation is productive of a further in- 
crease m the quantity of tho elcctucity developed. 
This action, however, would Btop unlesB a yent woio 
given to tho accumulated electricity, by eBtabbshing a 
communication between the positive and negative poles 
of the battery, by means of wires attached to the extreme 
plate at each ond. 'When tho wiiea are brought into 
eontaot, tho voltaic circuit is completed, tile electricities 
y 
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meet ami neuti alive each otlici, producing tlio shook 
and other electrical phenomena, and then the olcolrio 
current continues to flow umnteriuptedly in the circuit, 
as long as the chemical action lasts. The stienm of 
positive electricity flows from the zinc to the copper, 
but, at. the battery ends in a ^ino plate which communi- 
cates with the wne, the zinc end becomes tlio positive, 
and the coppei the negative, poles of a compound bal- 
tery, which is exactly the reveise of what obtains in n 
single cnemt 

Galvanic or voltaic, like common elcclnoity, may 
either be conBideied to consist of two fluids passing In 
opposite directions through the oil cui t, tho positive! 
stream coming from tlie zinc, and the negative Aom Iho 
copper end of the batteiy, oi, if the hypothesis of ono 
fluid be adopted, the /ino end of tho battery may bo 
supposed to have an excess of eleotncity, and tho cop- 
per end a deficiency 1 

Voltaic electricity is distinguished by two maikotl 
characters Its intensity inoi eases with tho nmnbei of 
plates^ its quantity with the extant of their am face* 
The most intense concentration of foico is displayed by 
a numerous senes of Jaige pJntos, light and hcAt arc 
copiously evolved, and chomianl decomposition is ac- 
complished witli extramdinaiy onoigy; whoioas tlio 
electricity from ono pan of plates, whaiover their 
may he, is so feeble that it given no sign eifchor of at- 
traction or repulsion , and, even with a battejy consisting 
of a very great number of plates, it is difficult to i on- 
dor the mutual attraction of its two wnea sensible, 
though of opposite electricities. i 

The action of voltalo eloctrloity diffbrs materially 
from that of the oidinary kind. "When a quantity of 
comiuon electricity is accumulated, the restoration Of 
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■ equilibiium is attended by an instantaneous violent 
explosion, accompanied by the development of light, 
heat, and sound Tile concentrated power of the fluid 
forces its way tlnough eveiy obstacle, disiupling and 
destroying the cohesion ot the pai tides of the bodies 
through winch it passes, and occasionally mm easing its 
destructive effbots by the conveision of fluids into 
steam fiom the intensity of tho momentaiy heat, aa 
when tiees arc torn to pieces by ft stioko of lightning 
Even tho vivid light which raaihs the path of the elcc- 
tuc fluid is probably owing in part to the sudden com- 
pression of the an and otliei particles of matter dunug 
tho rapidity of its pass ago, oi to tho violent and abiupt 
reunion of the two fluids But tho instant ccpulibuum 
is lestoied by this energetic action the whole is at an 
end On the contrary, when an accumulation takoB 
placo in a voltaic battei y, eipulibimm is rcstoicd the 
moment the oncuit is completed But so fai is tho 
olccluc stieam fiom hemg exhausted, that it continues 
to flow silontly and invisibly in an uninterrupted cur- 
rent supphod by a perpetual reproduction. And al- 
though its action on bodies Jfl neithci so suddon nor so 
uitenso as that of common eleatucity, yet it acqunes 
such power from constant accumulation and continued 
action, that it ultimately surpasses the eneigy of tho 
otliei The two kinds of elcotucity difFci no cir- 
cumstance more than in the development of heat 
Instead of a momentaiy evolution, which seems to anse 
fiom a foiciblc completion of the particles of matter 
during the passage of tho common eleotnc fluid, tho 
circulation of tho yoltaic elcctiicitv is accompanied hy a 
continued development ot heat, lasting as long ns tho 
oncuit is complete, without pioduoing eithor light 01 
sound, and this appeals to be its immediate direct 
y 2 
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effect, independent of mechanical action. Its intensity' 
is gieatci than that of any heat that can ho obtained by 
artificial means, so that it fusea substances winch lcstat 
the action of the most powciful furnaces. The tem- 
peratuie of every pait of a voltaic batloiy itself ia 
raised duiing its activity 

When the bstteiy 10 powoifnl, tho lommous cfibcfl 
of voltaic electucity aro Yeiy bullianfc. But consldoi- 
able intensity ia requisite to enable tile clcctl lciLy to 
force its way through the air on bunging the wires to- 
gether from the oppostto poles Its tinnsit is accom- 
panied by light, and m consequence of tho continuous 
supply of the fluid, sparks occur every time the con- 
tact of the wires is either bioken oi lcnowod* Tho 
most splendid artificial light known is pioduced by 
fixing pencils of charcoal at tho extiemitioa of the 
wires, and bunging them into contact This light 1 « 
the more remaikable, ae it appears to bo independent 
of combustion, since the charcoal suffbrs no change, 
and likewise because it is equally vivid In such gose* 
as do not oontaih oxygen. Though noarly as blight 
ts solai light, it differs fiom it m possessing soino of 
those rays of winch the sunbeams aro dofleiont, accord- 
ing to tile oxperimons of M. Fraunhofer. Notwith- 
standing, M Aiago is inclined to attubuto tho intmuo 
light and boat of the sun to oloctrio action. 

Voltaic electuoity is a powerful agent In chomkil 
analysiB When transmitted through conducting fluid* 
it separates them into their constituent pints, which It 
conveys m an invisible state through a considerable spneo 
or quantity of liquid to the poles, whoro tlioy como Into 
evidence Numerous instances might bo given, but 
the decomposition of water is porlmps the most slmplo 
elegant. Suppose a glass tube filled with very 
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puie water, and coiked at both ends , it one of the 
wires of an active voltaic battery be made to pass 
through one coik and the othei tlnongk the othei coik, 
into the water, 00 that the extiemitiea of the two wnea 
shall he opposite and about a quarter of an inch aaundei, 
ehonncal action will immediately take place, and gas 
will continue to use fioni tho extremities of both wnea 
till thewatei has vanished, If an electuo spaik be then 
Bent tlnough tho tube the water will leappear By ar- 
ranging tho expeument so as to have the gas given out 
by each who Bopaiately, it 10 found that water consists 
of two volumes of hydiogon and ono of oxygen The 
hydiogen is given out at the positive wire of the bat- 
tery, and the oxygen at the negative Electro-chemi- 
cal decomposition has gencially bcon attributed to the 
attinclion of tlie poles of the clcctncal machine and 
voltaic battmy, wlieieas Dr Eaiadny has now accom- 
plished decomposition tlnough an and watei without 
making use of poles, 01 at least without using metallic 
teiminstions commouly called poles. lie, tlioiefore, 
concludes that eloctio-chomlcal decomposition 10 not to 
ho refen ed to the attractions and lepulsions of the 
poles* lie consider it to be the lesultof an internal 
corpuscular action excited in the direction of the eloc- 
tnc current, and that it is due to a force eithei supei- 
fuldod to, or giving a direction to the oidinary chemical 
affinity of tlie body undergoing decomposition F01 
example, in tho decomposition of watei, tlie stieara of 
electricity issuing fioin tho negative polo of the battery, 
as fiom a vent, gives the pai tides of hydiogen which it 
mectawith a disposition to go to the positive pole, where- 
as tho Blioeun of positive oloctucity coming thiough the 
positive polo gives the particles of oxygen which it 
finds in its path a tendency to go to the negative wire, 
v 3 
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Tho oxides fire also decomposed the oxygen apjK>nr» 
at tho |ioni tlvo polo, awl tile metal nt ilir negative. 
Tlio decomposition of tho nlknlicH nml rnilhn by Blr 
llumphiy Davy formed a leinaikablc m ill ilm hi*- 
toiy of science. Bodn, potass, limes lnnKiie^ia, unit 
olhoi sutatnncoi hoicinfori* considered lo Im« simple 
bodies incapable of decomposition, wore rmdvnl by 
electric agency into their oon»t iLueiit pints, am! piototi 
to bo metallic oxides, by tlmt lllushlnus philosopher* 
.All chemical changes pi winced by the electne Hunt nro 
accomplished on tho aaino prjurlple, rnnl It appears 
that, in gcnoiah combustible substances, mulsh*, mul 
nlkalioa go to tho negative wins while adds mu! oxygen 
aio evolved at tho positive, Thu trnwdbr of thvw sub. 
atancoa to tho poles 1 b not the loail wmnlorftil rflhH of 
tho voltaic baliory. Tiiongh the poles Ik* at a conal- 
doiablo dlatanco fioin ono anolhor, nny, even in separate 
vessels, if a communication bo only calnblUhod by a 
quantity of wot tin end, ns tho decomposition prorewdi 
tho component pmtu paw tlnough tho thread In an In- 
vlelblo sin to, and anango themselves nt tliclr lcspocflve 
poles, Tho powoiful efficacy of voltaic electricity In 
chemical decomposition arises fioni tho conlliniDnco of 
itn notion,, and its agency appears to ho moat exerUid 
on fluid 0 and substances which, by convoying ilitf 
oloctricity pnitlally and Impoifccily, impodo It* piogioM, 
Hut it is now proved to bo as efficacious In tho enmpo* 
flltiou ns iu tho decomposition or luialyals of bodies. 

It bad boon observed that, whan metallic aolutlon* 
subjected to galvanic notion, a dopoiltlon of moinlj 
gOnornlly in tho form of minute oryitali, take* placo on 
th^ negative who. l)y extending thii principle, and 
(Jtbployir]g a vory fooblo voltaic action, M. llecquoml 
haa luocoodcd in forming oryutnli of t groat proportion 
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of the mineral substances, procisely similar to thoao pio- 
duced by natuia The electuc stale of metallic veins 
makes it possible that many liatmal crystals may have 
takon then form from tlio action of elcctncity bringing 
their ultimate particles, when in solution, within the 
nan ow sphcie of molecular attraction alieacly mentioned 
as the great agent m the formation of solids Both 
light and motion favour crystallisation. Ciystah winch 
foim in different liquids arc generally more abundant 
on the aide of the jar exposed to the light , and It is 
well known that still water, cooled below 32°, starts 
into crystals of ice the instant it is agitated. Light 
and motion aie intimately connected with electricity, 
which may thcieforo have some influonce on the laws 
of aggregation , this is the moio likely, as a feeble 
action is alone necessary, provided it be continued foi a 
sufficient time Crystals formed lapully ate geneially 
impoifect and soft, and M. Becqueirel found that even 
yeaia of constant volute action were neccssaiy foi the 
crystallisation of some of the hard substances If this 
law be gcneial, how many ages may be required for the 
formation of a diamond I 

Common electricity, on account of its high tension, 
passes through water and other liquids, as soon as it is 
formed, whatever tlio length of its com so may ho. 
Voltaic olectncity, on the conti ary, is weakened by the 
distance it has to ti averse Pure watoi is a had con- 
ductor but ice absolutely stops a clnrent of voltaic 
cloctnoity altogether, whatevoi be tlio powoi of tlio 
battery, although common electuoity has sufficient 
tension to overcome Its resistance Di Faraday has 
discovered, that this property is not peculiar to water, 
that, with a few exceptions, bodies which do not conduct 
olectncity when solid, acquire that pioperty and are 
y 4j 
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immediately decomposed when they become iluicl^ and, 
in general, that decomposition takes placo ns booh na 
the solution acqunea the capacity of conduction, which 
has led him to suspect that tho powci of conduction 
may be only a consequence of decomposition. 

Heat increases the conducting power of some sub-, 
stances for voltaic oleotncity, and of the gnBOB foi both 
kinds Hr Faraday haa given a new pi oof oi Iho 
connection between heat and electricity, by showing 
that, in geneial, whon a solid winch is not a metal be- 
comes fluid, it almost enlnoly logos its pouci of con- 
ducting heat, while it acquires a capacity for conducting 
elecfcneity in a high degiee 

The galvamo fluid affects all the souses. Nothing 
can be more disagreeable than the shock, wlnoh may 
even be fatal if the battery be very powoiful A blight 
flash of light is perceived with the oyee shut, when ono 
of the wnes touches the face and the othei tho hand. 
By touching the eai with one wire and holding tho 
other, stiange noises aie heaid, and an acid taMo la 
perceived when the positive wite is applied to tho lip 
of the tongue and the negative wne touches some other 
part of it. By reversing the poles tlio taste becomes 
alkaline. It renders the pale light of the glowwoim 
more intense Head animals aie loused by it, hb if 
they started again into life, and it may ultimately provo 
to be the cause of musculai action in tho living. 

Several fish possess the faculty of producing olootrical 
effects. The most remarkable are the gymnotua oloc- 
trious, found in South America, and tho torpedo, a 
Bpedea of ray, frequent iff the Mhdltonanonn, Tho 
el^tncal action of the torpedo dependa upon an appa* 
rattisi perfectly analogous to the voltaic pile* which thp 
animal has the power of charging at will, consisting 
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of membianous columns filled throughout with lamince, 
sepal a ted fioin ono anothoi by a fluid Tho absolute 
quantity of electricity hi ought into ciiculation by the 
toipedo is to great, that it effects the decomposition of 
watei, lias powci sufficient to make magnets, and gives 
veiy geveio shocks It is identical in kind with that 
of the galvanic batter y, tho electricity of the under 
Biufaco of tho fiah being tho same with tho negative 
polo, and that in the uppor suiface the game with the 
positive pole Its matin or of action is, however, both e- 
wlmt diffluent, foi, although the evolution of the elec- 
tricity is continued for a sensible timo, it is interrupted, 
being communicated by a succession of diachnigefl, 
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SECTION XXIX 

TinaswRUi mo^rrmr ,- -magnetic mfridian'J — yam Allow 

OF INK COMP\SS — I.lNFi or KO VARIATION - — • MA ONFTIO 
VOLFS — 1 TliFlR NUMBER AND TOBIHON MURNAI AND NOC- 
TURNAL VARIATIONS, — HIE DIP HIK M \GN* HO RQU A TOR, 

■ — ITS POSITION VARIATION IN Til* PIP — LAUSF Ol M VO- 

NF1IC CIIVNOM UNKNOWN — .ORIGIN 01 HIE MARINFRB COM- 
PASS — NATURAL MAONFT8, — ARTIFICIAI MAGNET 1 ! TO 

PARITY INDUCTION — 1NTFN81TY HYPOTHESIS OF TWO 

MAGNETIC FLUIDS — DIVTRJBUTION Of TUI MiCNKTIO HUJD, 

’ — ANAIOGY HETWFEN MAGNETISM AND ULKOlRlOli Y 

In order to explain the other methods of exciting 
eleatncity, and the recent diBcovcucs that Iiryo boon 
made in that science, ]t is necessary to be acquainted 
with the general theory of magnetism, and also with 
the magnetism of the earth, the director of the manner's 
compass, his guide through the ocean, Its influence 
extends ovei every part of the earth's surface, but Its 
action on the magnetic needle detei mines the poles of 
this great magnet, which by no means coincide \Wth 
the poles of the earth's rotation, In consequence) of 
their attraction and repulsion, a needle freely Buspcndad, 
whether it be magnetic 01 not, only remains in oquilibno 
when in the magnetic meridian, that is, in the piano 
which passes through the north and south magnetic 
poles There are places where the magnetic moildUn 
coincides with the terrestrial meridian, In these * 
magnetic needle freely suspended points to the truo 
north ; but, if it be earned successively to different 
on the earth's surface, its dliection will deviate 
sometimes, to the east and some times to the west of 
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north. Lines diawn on the globe, through all the 
placeB where the needle points duo north and south, 
ore called lines ol no vamtion, and they aie extremely 
complicated The dnection of tho needle is not even 
constant in the some place, but changes in a fow yeais 
occoiding to a law not yet determined. In 1657, the 
line of no variation passed through London, fiom that 
time it has moved slowly, but mcgulaily, westward, 
and is now in North Amenoa In the year 1819, Sir 
Edward Pairy, in hie voyage to discover tho nmth- 
west paasngo round Ameuca, sailed near the magnetic 
polo, and in 1824, Captain Lyon, on an expedition 
foi the same purpose, found that the magnetic pole 
was then situate in 68° 26' 51* north latitude, and m 
80° 51' 25 ,f west longitudo. It appears from later le- 
soaicliGS, that tho law of touoatnal magnetism is of 
consicleiable complexity, and tho existence of more 
than one magnotic pole in either hemisphore has been 
rendered highly probable That there is onein Biberia 
seems to bo decided by the locent observations of M. 
Ilanatoen* itiein longitudo 102° east of Greenwich, 
and a httlo to the north of tho 60 th degiee of latitude so 
that, by these data, the two magnetic poles in the northern 
hemisphore are about 180° distant fiom each other 
Captain Ross places the Amcncan magnetic pole in 
70° 14/ north latitude, and 96° 40' west longitude. 

The noodle ib also subject to diurnal variations In 
our latitudes it moves slowly westward during the fore- 
noon, and roturna to its mean position about ten m the 
ovoning , it then deviates to tho eastward, and again 
i etui ns to its mean position about ten in the morning. 
These changes seem to bo intimately connected with tho 
motion of tho Bim with regard to the magnetic meri- 
dian. M, Kupffbi, of Casan, ascertained, iu tho year 
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I HH lj that 1 hero is a nl^)illy f tu welt an a diurnal v*rU 
ndoii, depending, in Ins opinion, upon a variation In iho 
mugnoUn equator. 

A magnetic needle, misprinted mi am (o lie moveable 
only In ilie vertical plum-* dip*, or 1 h coine* mure and 
more Inclined to the linrl/tm the muter rl 1 * brought lo 
Liu* magnetic pole, mitt thne luroinrN \eriUul. Captain 
Lyon fuuml that tlm dip in die latitude and longitude 
mentioned, my near tin uiHgiielh pole, was Hf> (> 
amt Captain ikgilko deterndmd u m l>e hT* ‘MC it 
Woolwich in \H'UK According lo Captain Huhnir, tl 
appear* lu have la-rii derremdng Tor the 1ml llfiy yuan, 
fit tile rate o( tin co minutes annually. 

Ill Bomo plucuia thu dipping needle U ImruonUl, 
A lino pawing through til Lhrse pulnu li rilled 
Ulo mngnelle equator. The needle nHnuirn^ every tie* 
groo of Inclination between tlio magnetic equaiar and 
the magnetic poles The mogiietic equator does not 
oolm hie with the tiriertrlttl equator, J< appears lobe 
nu lingular curve pausing round iho earth, ami Inclined 
lo the (.'null's equatoi at an angle of aboul W", tnd 
crowing it in seveial points, the position of which worn 
A till to Ik} uucertHin. According to some Accounts, lint 
cm vo outs ilia equator in three points, whereas Captain 
Pupenoy, wlio crowed iL iqtf*au»l)y during Id* voyage 
of discovery, aOIiuii that, Horn bin own obarrvAlioai, 
combined wltli those of M, Julcn da Bloavillo and Cap** 
lain Sabina, It crtuic* the torroatrlnl cMpiAior In only 
two polnti, dl nine irl call y opposite to one another, and 
not (hr from ihu meridian of Parla. Ono of thorn 
notloa ho plscoi in tlio AilinUe, Uio oilier In ilio Pacific, 
ltd Audi that tlio inagnollo equator davlaies but little 
fro in Uiq torrctlrial equator In that part of the SoiiUi 
8w whore there nro only a four icUterod lilandi; that 
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as the islands become moie frequent the deviation in- 
creases, and amvea at a maximum, both to the north 
and south, in tiaveismg the African and Amencan con- 
tinents , and that the symmetry of the noithein and 
southern segments of this cuiyo la much gieater than 
was imagined 

The lamtion in the dip anses from a oliange in tho 
magnetic latitude, caused by a small annual tumslaUon 
of the whole magnetic equator from east to weBt, dis- 
covered by M Morlet, and conflimod by the investi- 
gations of M Arogo 

If a magnetised needle freely suspended, and at rest 
in the magnetic meridian, he drawn any number of de- 
grees from its position, it 'will make a ceitain number 
of oBCillalionB bofoie it lesumes lta state of lest. The 
intensity of the magnetic force is determined from those 
oscillations in the same mannci that the m tensi ty of the 
giavitating and electncal foices aie known from tho 
vihiations of tho pendulum and the balance of toision, 
and 111 all these cases it is pioportional to the square of 
the number of oscillations peifoimed in a given time 
Consequently, a comparison of the numbei of vibiations 
accomplished by the Bamo noedle, during the same time, 
in different parts of the earth's surface, will dctcimmo 
the lanatioiiB in the magnetic action. By this method 
MM de Humboldt and BobscI have discovered that the 
intensity of the magnetic force increases fiom the equa- 
te! to the poleBj wlioie it ib probably at its maximum. 
It appears to be doubled in the ascent from the cquatoi 
to tho western limits of Baffin's Bay. According to the 
magnetic obaeivationB of Piofessor Hansteon, of Chm- 
tianta, tho magnetic intensity haB been decreasing annu- 
ally at Cluistiama, London, and Pans, at the into of 
its 52 3 5 tli, 725tli, and 1020th pait* respectively, which 
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ho attributes to the revolution of tho Siberian magnetic 
pole A diurnal variation m the horizontal intensity 
has also been observed by M, Ilanstcon at Christiania 
and by Mr Christie at Woolwich. 

The translation of the magnetic equator, tho motion 
of the magnetic poles, tho changes in the Intensity of 
the magnetic for oe, and tho vanations of tho dipping 
needle and manner’s compass, have been attubuted to 
the heat of tho sun, and M Ilanstcon has oven found a 
geneiai icsemblanco bo tween tho isothermal Iiucb and 
die lines of equal dip on the surface of tho earth , yet 
m tho pieaent state of our knowledge they can only bo 
regarded ns effeots of some unknown cause, and so much 
uncertainty pievails in the magnetic phenomena of tho 
earth, that the lesults alicady obtained lequlro to bo 
continually collected by neW obsci vations, 

The inventor of tho mannci’0 compass, like most of 
the oaily benefactois of mankind, Is unknown Jt Is 
even doubted which nation first made uao of magnodo 
polauty to determine positions on the surfaco of tliti 
globe But it ib said that a rude foim of tho compass 
was invented in Uppci Asia, and conveyed ihcucc by 
the Taitais to China, where the Jesuit missionaries 
found traces of this lnstiumont haying been omploycd 
as a guide to land travelling in vory lomoto antiquity. 
From that tho compass spread over tho East, nntl was 
imported into Europe by tho Ciusadcrs, and its con- 
struction improved by an aitiat of Amalfi, on tho coasf 
of Calabria, It seems that the Homans and Chincw 
only employed eight caidmal divisions, which tho Ggtv 
mans successively blsoctcd till theie worn thuly-two, 
aqi gave the points the names which they still bear. 

The variation of the compass was unknown till Co* 
Jattfbusj duiing bis flist Yoyago, observed that tho 
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needle declined fiom tile mend 1 an as ho advanced 
across die Atlantic The dip of the magnetic needle 
■was first noticed by Robeit Noiman, m the yeai 1576 
Veiy delicate experiments have ahown tlmt all bodies 
are moie oi leas susceptible of magnetism. Many of 
the genifl give signs of it , cobalt, titanium, and mokel 
sometimes even possess the propeitiea of attiaction and 
lepulhion But the magnetic agency is mOBt powerfully 
developed in iron, and in that particular 010 of iron 
called the loadstone, which consists of the piotoxide and 
the poi oxide of non, together with email poitiong of 
silica and alumina. A metal is often susceptible of 
magnetism if it only contains the 130,000th part of ita 
weight of iron, a quantity too small to bo deteoted by 
any cliomical teat. 

The bodies in question are naturally magnetic, hut 
that pi opei ty may ho imparted by a vanoty of methods, 
as by faction with magnetic bodies, or juxtaposition to 
them, but none is more simple than poicussion A bar 
of lmrd steel, held in tho dn ection of the dip, will be- 
come a magnet on lecemng a few smait blows with a 
hammer on its upper extremity, and M IlanBtecn has 
ascoi tamed that every substance has magnetic polos 
when held In that position, whatcvei the matcualb may 
he of which it is composed. 

One of the most distinguishing markB of magnotism 
is polaiity, or the propeity a magnet possesses, when 
freely suspended, of spontaneously pointing ncai ly north 
and south, and always letuimng to that position when 
di8tuibed. Another piopcity of a magnet is tho atti ac- 
tion of unmagnetised non. Both poles of a magnet 
attract iron, which in return attiacta either pole of the 
magnet with an equal and contiary foice, Tho mag- 
netic intensity is most poweiful at tho poles, as may 
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easily be %en by dipping the magnet into iron filings, 
winch will adhere abundantly to eacli pole, wlnlo 
scarcely any attach themselves to the inteimediato parts. 
The action of the magnet on unmagnctiacd lion is con- 
fined to attmction, wheieaa tho lcdpiocal agency of 
magnets la characterised by a icpulsivo as well as an 
attractive force, foi a north polo lopola a north polo, 
and a south lopels a south polo. But a noithanda 
south pole mutually attract one another, which proves 
that there are two distinct lands of magnetic forces, 
directly opposite in then, effects, though Bimilar in their 
mode of action 

Induction is the powor which a magnet possesses of 
exciting temporary or permanent magnetism in such 
bodies in its vicinity aa mo capable ol receiving It. By 
this property the mere appioach of a magnet london 
iron or steel magnetic, the more poweifnlly the loss the 
distance. When the north polo of a magnet Is brought 
near to, and in the line with an unm ague Used iron bar, 
the bai acquires all the propeitlcs of a perfect magnot, 
the end next the north pole of tho magnet bocomofl 
a south pole, while the remote end becomes a north 
pole. Exactly the reverse takes place when tho south 
pole is presented to the bar , ao that each pole of a 
magnet induces the opposite polarity in tho adjacent 
end of the bai, and the samo polarity in tho join o to 
extremity 9 consequently the nemeat oxtromity of the 
bar ib attracted, and the farther repelled, but as tha 
action is gieater on the adjacent than on tho distant 
part, the resulting fores is that of attraction, By in- 
duction, the iron bar not only acquires polarity, but tho 
power of inducing ruagnetiBm in a third body j and. 
although all these properties vanish from tho iion as 
soon aa the magnet is removed, a lasting inoroauo df 
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intensity is genei ally impai ted to the magnet itself by 
the reaction of the tempoiaiy magnetism of the non 
I1011 acquires magnetism mora lapidly than steel, yet it 
loses it as quickly on the lem oval of the magnet, wlieieaa 
tlie steel ib impicsacd -with a lasting polanty. 

A coitmn timo is requisite for the induction of raag- 
notism, and it may bo acceleiated by any thing that 
oxcitoa a vibratory motion in the pai tides of the etcol, 
such ftB the Binart stioke of a hammer, or heat suc- 
ceeded by sudden cold A steel bar may bo conceited 
into a inaguot by the transmission of m electnc dis- 
charge through it, and as its efficacy is the same in 
■whatever direction the electricity passes, the magnetism 
arises fiom its mechanical operation oxoiUug avibiation 
among the pai tides of the steel It has been observed 
that the pai tiolee of non easily lesnme their neutral 
state after induction, hut that those of steel resist the 
restoration of magnetic equilibrium, 01 a return to the 
neutral state it is theieforc evident, that any cause 
which lomoves or diminishes the resistance of the par- 
ticles will tend to destroy the magnetism of the steel , 
consequently, the same mechanical means which deve- 
lope magnetism will also destroy it On that Qccount, 
a stool bar may lose its magnetism by any mechanical 
concussion, such as by falling on a hard substance, a 
blow with a hammer, and heating to ledness, which 
reduces the sted to the state of soft iron The circum- 
stances which determine whether it shall gain or lose 
being, its position with respect to tlio magnetic equator, 
and the higher or lowei intensity of its previous mag- 
netio state* 

Polanty of one kind only cannot exist in any portion 
of iron or steel, for in whatever manner the intensities 
of tlio two kiuds of polanty may be diffbsed through a 
z 
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roagnot, they exactly balance 01 compensate ono nnotlior. 
The northern polarity is confined to one half of a 
magnet, and the southern to the othci> and they uro 
generally conccntiated in 01 near tho extremities of the 
bar. When a magnet is biokcn acioss Us middle, each 
fragment is at once convoitcd into a pcifoct magnet, 
the pait which originally had a north pole acquires a 
Boutli pole at the fiactuicd end, the part that originally 
had a south pole gets a 1101th polo, ami as fai ns me- 
chanical thviBion can bo can led, it is found that each 
fragment however email, is a peitccfc magnet. 

A compaiiBon of tho number of vibintiona acoom- 
plished by tlie eame needle, during the same Lime, at 
different distances from a magnet, gives tho law of 
magnetic intensity, winch, like cvoiy known force that 
emanates from ft ecu Lie, follows tho Inverse 1 ft tie of tho 
square of the distance, a law that is not affected by the 
Intervention of any substance wlmtover bolwceu tho 
magnet and the needle, piovided that Bubstanco bo not 
itself susceptible of magnetism Induction ami tho ro- 
otprocal action of magnets are, thoiofore, subjeot to llio 
laws of mechanics, but the composition and i evolution 
of the forces aie complicated, m conscqucnco of four 
forces being constantly m activity, two in oach magnet. 

Mr Were Fox, who has poid much attention to ibis 
branch of the science, has lately discovered that tho low 
of the magnetic foice changes from the in verso square 
of the distance to the simplo invorso ratio, when tho 
distance between two magnets ib os email na from tho 
fourth to the eighth of an in oh, or ovon as much as half 
au inch when tho magnets are largo. IIo found, tliftt 
u* tho case of repulsion, the change lakes placo at a etllL 
grater distance, especially when tho two magnets dlflfar 
an Intensity. 
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The phenomena of magnetism may be explained on 
tho hypothesis of two extremely lare fluids pervading 
all tlie particles of non, and incapable of leaving them. 
Whether the pm boles of these fluids are coincident with 
the molecules of the non, or that they only All the m- 
tciatiCGB between them, is unknown and immaterial 
But it is ccitain that tho aum of all the magnetic 
molecules, added to the sum of all the spaces between 
thorn, wliothei occupied by matter or not, mnst be 
equal to tho whole volume of the magnetic body 
When the two fluids m question are combined they are 
inert, so that the substances containing them show no 
signs of magnetism ; but when separate they are active, 
the molecules of caoh of the fluids atti acting those of 
tho opposite kind, and lcpelling those of the same 
kind. The decomposition of the united fluids is ac- 
complished by tho inductive influence of eithei of the 
separato fluids, that Is to say, a fcimginoua body ac- 
quliea polarity by tho appioach of either the south or 
north polo of a magnet The electric fluids are con- 
fined to the surfaces of bodies, whereas the magnetic 
fluids pervade each molecule of the mass , besides, the 
eleatno fluid has a peipetual tendency to escape, and 
docs eacape, when not picven ted by the coercive powei 
of tho surrounding air and other non-conducting bodies 
Suoh a tendency does not exist in the magnetic fluids, 
which never quit tho substance that con turn b them 
undor tmy circumstance* whatever, nor is any sensible 
quantity of either kind of polarity over transferred from 
one part to another of the same piece of steel It ap- 
pears that tlie two magnetic fluids, when decomposed 
by tlio influence of magnetising forces, only undergo a 
di spin com ent to an insensible degree witlun tlie body. 
Tho action of all tho particles so displaced upon a par- 
z 2 
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ticlo of tho magnolia iluitl in any particular situation, 
oomposo a resultant force, the Intensity nml dhoctloit of 
which it 1 b tho pioylnco of tho analyst lo determine. 
In this manner M. Poisson has proved that tlu* result 
of tho action of all tho magnetic elements of a magiuH 
tleod body, is a foice equivalent to the action of a \ery 
thin stinium covering tho whole mu face of n lwily, em\ 
consisting of tho two fluids — thoftmuinl and the tareitj, 
occupying different paUs of It. In othei wokIh, Hip at- 
tractions and repulsions externally oxortod by a inagurl, 
arc exaatly the same as if Ihoy puicccdcd Jiom n vary 
thin stratum of each Quid occupying ihu surface only, 
both HuUIb bolng in oqual quantities and so dimubiitcd 
that their total action upon all the points In ilia interior 
of tho body aro oqual to nothing, flinco the intuiting 
force is tho dlffoicnco of the two polarities, its intensity 
must bo groatly hifarlor to that of olthm. 

In addition to tho forces olicfldy moutloned, lliorc mutt 
bo some cooi clYoforco analogous to h lotion, which arrests 
tho particles of both fluids, bo ns first Lo oppose Ihclr se- 
paration, and tlion lo piovont thoir reunion, In soft Iron 
the cooraivc force is either wanting or oxtroincly feeble, 
smeo the iron is cosily rendered mnguotlc by lmluotioti| 
and as easily losos its magnetism \ whereas In atool llw 
coercive foroo fs oxtroinoly euorgotlc, booauso ll proven la 
dio steel from acquiring tho mngnotio propoillM rapidly, 
and entirely hlndors it from losing thorn when ac- 
quired, Tho feeblonoM of tho oootclvo force hi Iron, 
,and its onorgy in steel, with regard to tho magnollo 
Hulds, is perfectly analogous to tho facility of Irani- 
mission afforded to tho oloctrio fluids by non*feJooUrlotj 
[^nd tho rcsUtance they oxpcrlonco in olcitrioi* At 
^sry stop the analogy betwoon m&gnotiitn and cloctrl-. 
ci^jbcoornos more striking. The pgouoy of attraction 
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and lepulsion m common to both, the positive and ne- 
gative elootncities aie sinulai to the neither n and south- 
ern polarities, and aie governed by the same laws, 
namely, that between like powers thcie is repulsion, 
and betweon unlike powers there is atti action. Each 
of these four foices is capable of acting moBt ener- 
getically when alone, but the electric eqmhbiium is 
roatojed by the union of die two electricities, and mag- 
netic noutiohty by the combination of the two polauties, 
thus respectively neutialiBing each other when joined. 
All these forces vaiy Inversely as the square of the dis- 
tance, and consequently come under the same mecha- 
nical laws A like analogy extends to magnetic and 
bloatuoal induction, Iron and steel aie in a stato of 
equilibrium when the two magnetic polauties conceived 
to reside in diem aro oqually diffused, throughout the 
■wliolo mass., so that they aio altogether neutral But 
this equilibnum is immediately disturbed on the ap- 
proach of the pole of a magnet, which by induction 
transform ono kind of polarity to one end of the iron 01 
Btcol bar, and the opposite kind to tlio other, — effbctB 
exactly similar to electrical induction, Thcie is even a 
correspondence between the fracture of a magnet and 
that of an clectuo conductor , for if an oblong con- 
ductor be olectnfled by Induction, its two extremities 
■will have oppoaito electricities, and if in that state it 
bo divided across the middle, the two portions, when 
removed to a distance from one another, will each re- 
tain the clectucity that has been induced upon it Tlio 
analogy, however, does not extend to transfeience A 
body may tiansfoi a ledundant quantity of positive 01 
nogative oloctrlcity to another, tlio one gaining at the 
oxpenso of the other ; hut them is no instance of a body 
z 8 
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possessing only one kind of polarity With this ex- 
ception, theie is Biich peifcct coircsponclence between 
the theories of magnetic attractions and lepulsions and 
electric forces in conducting bodies, that they not only 
are the same in principle), but me dotci milled by tlio 
same formula. Experiment concurs with theory id 
proving the identity of these two mieeon influences. 
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SECTION XXX. 

DiHCOvrnr or MrcTRo-UAGNiTiur — nEFmcnoN or tith mao- 
NFTIC NPPDfL BY A LimUBSr 01 PL1 LTRIGliY. — JJIKFCIION 

OS lilt TOUCH ROTAIOar MOTION 11Y J rHOTRICIlY BCm 

NATION 01 A WIRr AND A MAGNET HOT ^ riON OF A MAGN1T 

ABOUT nB \XIM OF MFHCUUY AND WATER — EIYOIRO MAO- 

NLUO CHINDFR OR UFT IX SU8FJ KS10N OVASHDIPIN A 

UFI IX —FI FLTUO M\aNEriG INDUCTION - — TI MPOR VRY MAG- 
NETS — TO* QAIYANOHEflU 

Tun disturbing effects of the auroia boicaln. and light, 
mug on the marinei's compass lintl been long known 
In the year 1819, Mw Ooistod, Fiofessoi of Natural 
Philosophy at Copenhagen, discoveicd that a cunontof 
voltaic olectnoity excite n poweiful influence on a mag- 
netised needle. This observation lias given nse to the 
theory of electro-magnetism, tho most in toiesting science 
of modern times, whether It be considered as leading ua 
a step farthor in generalization, by identifying two 
agencies hitherto lcfened to (hfthrent causes, or as de- 
veloping a now force, unparalleled m die system of tho 
world, which, overcoming tho ictardation from friction, 
and the obstacle of a resisting medium, maintains a per- 
petual motion, often vainly attempted, but appai ently 
impossible to bo accomplished hy means of any other 
force or combination of foices than tbo one in question. 

When tho two poles of a voltaic battoiy are connected 
by a mctaUio wiro, so as to aompleto a cncuit, tbo 
elcotucity flows without ceasing. If a stiaigbt poition 
of that wiro ho placed paiallcl to, and horizontally, 
above a magnetised needle at lest in tho magnetic mo* 
z 4 
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ndian, but freely poised like tlie mflnuor'tf compass, tho 
action of the electiic cun on t flowing tlnongh tho wlro, 
will instantly causa the needlo to change its position. 
Its extremity will deviate from the noith towards Iho 
east 01 west, accoiding to the dnoction in which (ho 
current ig flowing; and on lcvcifiing tho dhcclton of 
the current, the motion of the needlo will bo revertod 
also. The numerous expouments that have been made 
on tlio magnetic and electnc fluids, a a woll ns those on 
the various relative motions of a lnngnotic needle under 
the influence of galvanic electricity, arising fiom all pewu 
sible positions of the conducting wire, and evory dil mo- 
tion of the voltaic cui rent, togethei with all tho othor 
phenomena of electio-magnotism, nro explained by Dr. 
Boget in some excellent m tides on these subjects in the 
Libiary of Useful Knowledge 

All the cxpenments tend to prove tlmt llio foroa 
emanating fiom tho clectno cuncnt, which pioduccg 
auch effects on the magnetic needlo, acts at right aiiglo* 
to the current, and ib thciofoio unlike any foreo hitherto 
Jtno^vn The action of all the forces in nntiuo is di- 
rected in straight lines, as far as wo know, for tho 
curves described by tho heavenly bodies result fiom (ho 
composition of two forces, whereas, that wluah is ox- 
erted by an electrical cun out upon eithoi polo of • 
magnet Iiqb ho tendency to causo tho polo to appioach 
or recede, but to rotate about it. If the stioam of oloo* 
tncity be supposed to paeB tlnough tho contio of a cl redo 
whose plane is perpendicular to tho ourront, tho direc- 
tion of the force exerted by the electricity will nlwfly* 
be m the tangent to the circle, or at light angles to it# 
i*Hus 1 Consequently the tangential forco^of tho oloo 
trioity hap a tendency to make the pole 0 f a magnot 

| * Note *14, 

1 ii 
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move m a circle round the wne of the battery. Mr* 
Bnilow has proved that the action of eaoli particle of 
the eloctiio fluid m the who, on each paiticle of the 
magnetic fluid m the needle* varies inversely as the 
aqurue of the diBtanco, 

llotatory motion -was suggested by Di. Wollaston, 
Di Faraday was tho flist who actually succeeded in 
niahing tlio polo of a magnet rotate about a vcitical 
conducting wire In order to limit the action of tile 
oloctucity to one pole, about two-thuds of a email 
magnet was nnmoreed in meicuiy, tlio lower end being 
fastened by a thread to the bottom of tho veBsd con- 
taining tho moicury When the magnot w«b thus 
floating almost vertically Avi tli its noitli pole above the 
surface, a ciment of positive elcctucity was made to 
descend peipcnthculmly tlnough a wno touching the 
mcicuiy, and immediately the magnot began to rotate 
from loft to light about tho wire. Tlio foice homg uni- 
form, tho lotation was accelerated till tho tangontial 
foico was balanced by the lesistanco of the morcuiy, 
when it became conatnfit Undoi tlio same circum- 
stances, tlio south pole of tho magnet iota tea fiom right 
to left. It is evident fiom this experiment* that the 
wire may also bo made to perform a lotation round the 
magnet, since tlio action of the cmrentof cloctnoity on 
the polo of the magnet must necessarily be accompanied 
by n coi responding icaotiort of tho pole of the mngnot on 
tho elcctucity in tho wiro. This experiment has been 
accomplished by a vast number of contrivances, and 
oven a small battery, consisting of two plates, lme per- 
foimed tlio rotation Dr. Faraday produced lioth mo- 
tions at tlio same time m ft vcbsoI containing meicury, 
tho wiro and tho magnet rcYolvod m one dnoction 
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about a common centie of motion, each following the 
other. 

The next atop was to make a mugnot, and also a cy- 
linder, revolye about their own axes, winch they do with 
great rapidity Mercury has been made to lotato by 
means of voltaic electricity, and Profcssoi Ritohio has 
exhibited in tlie Royal Institution the singular specUiolo 
of the rotation of watei by the same means, while tho 
vessel containing it leinamcd stationary, The water 
wsb in a hollow double cylinder of glass, and oil being 
made the conductor of electricity, was obaeivcd to re- 
volve in a legulaL vortex, changing its ducotion at tho 
poles of the battery were alternately reversed Profesaor 
Ritchie found that all the different conductor hitherto 
tried by him, such aB water, charcoal, &c. give the aamo 
electro-magnetic results, when transmitting tho wnofl 
quantity of electricity, and that tlioy deflect tho ltiog* 
netic needle in an equal degree, wlion thoir lcspeotWo 
axes of conduction are at the same distance Aom It* 
But one of tho most extraordinary efFccts of tho now" 
force is exhibited by coihng a coppei wne, so aa to 
form a Iiebx, or coiksoicw, and connecting tho OX- 
tremiMes of the wiros with tho poles of n galvnnlo 
battery If a magnetised steel bai, 01 needle, bo placed 
within the screw, so as to iest upon tlio lower part ,, 1 
the instant a current of electricity is sent thiougk 
the wire of the helix, the steel bai starts up by tlio 
influence of this mviBiblc power, and remains sus- 
pended m the air in opposition to tho force of gwtvl- 
tation . 1 iThe effect of the electro-magnctic power oxorted 
by each turn of the wire is to ulrge tho north pole of Iho- 
magnet in one direction, and tho south pole in the ollior* 
Thetforce thus exerted is multiplied in degree and in- 


1 Nolo SIS 
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areased in extent l>y each repetition of tlie turns of tlio 
'Wire, anti in consequence of these opposing foicea the 
Kai icmaina suspended. TI119 helix lias all the pio- 
pertics of a magnet while the electrical cuirent is flow- 
ing tlnougli it, and may be substituted for onem almost 
every experiment. It acts bb if it had a north polo at 
ono extremity and a south pole at the other, aud is 
ntti acted and repelled by the poles of a magnet exactly 
ns if it wore one itself All these results depend upon 
the course of the electricity, that ib, on the direction of 
tlio turns of the screw, according &s it is fiom right to 
left, or from left to nght, being contrary m tho two 
cases. 

TUg action of voltaic electricity on a magnet is not 
only precisely the same with the action of two magnota 
on one another, hut its influence in producing tom* 
poiary magnetism m iron and steel is also the same 
with magnetic induction The term induction, when 
applied to electuc currents, expresses the power which 
these currents possess of inducing any particular stato 
upon matter in their immediate neighbourhood, other- 
wise neutral or mdiffbrent For example, the connect- 
ing wire of a galvanic battery holds lion filings susponded 
like an artificial magnet, as long as die current continues 
to flow through it, and the most powerful temporary 
magnets that havo ever been made ore obtained by 
bonding a duck cylinder of soft iron into the form of a 
horseshoe, and surrounding it with a coil of tlnok coppci 
wo covered with silk, to prevent communication be- 
tween itB paits, When tins wire foims part of a 
galvanic circuit, the iron becomes so highly magnetic, 
that a temporary magnet of tins kind, made by Professor 
Homy, of tlio Albany Academy, in the United States, 
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sustained nearly a ton weight Tho iron losoa its mag- 
netic power the instant the electricity ceases to circulate, 
and acquires it again as instantaneously when tho circuit 
is renewed Temporary magnets have been mado by 
Professor Moll, of Utrecht, upon tho same principle, 
capable of supporting 200 pounds weight, by moans of 
a battei y of one plate le^s than half an inch square, 
consisting of two metals soldciod together It 1 b truly 
wonderful that an agent, evolved by so small an instru- 
ment, and diffused thiough a large nin&s of non, should 
communicate a foico which seems so dispiopoitionato 
Steel needles are rendered poimancntly magnetic by 
electrical induction • the effect is pioducedm a moment, 
and as readily by juxtaposition as by contact , tho na- 
ture of tho poles depends upon tho dncction of tho 
current, and tho intensity is propoitional to tho quantity 
of electucity. 

It appear^ that the piinciplo and characteristic 
phenomena of the elect! o-m ague tie Bcienco are, the 
evolution of a tangential and lotatoiy foico oxerted be- 
tween a conducting body and a magnet , and tho trans- 
verse induction of magnetism by tho conducting body 
m such substances as arc Busccptiblo of it. 

The action of an eloctue current causes a deviation of 
the compass from the plane of the magnetic mondian, 
In proportion as the needle recedes from tho meridian, 
the mtenBity of the forco of teueatriol magnetism in- 
creases, while at tho same time tlic olootio-magno tic force 
diminishes, tho number of degieea at winch the needle 
8 tops, showing whoro tho equilibrium botwoon these 
two forces takes place, will indicate the intensity of 
the galvanic current. The galvanometer, constructed 
upon this principlo, is employed to measuro tho In ton - 
sity of galvanic currents collected, and conveyed to It by 
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-wiroa This matiument is rendeied much moie senaihle 
by neutralizing the effects of the eaith’s magnetism on 
tlio needle, which is accomplished by placing a second 
magnotiscd needle so as to counteiact the action of die 
earth on the flist, a precaution leqmsite in all delicate 
magnetical oxpeuments* 
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SECTION XXXI. 

ELTCTJIO-DYHAIIICS — ■ IH< CimOOAL ACTION Or LIFCTIUO CUR- 

RFNTfl IDSKTm OF LI EtTfRO -DYNAMIC OYHND1RS AND 

JIVONET* — UUFERElyCrs DPtWFRN TUP ACTION Ol YULPAlF 
Pi tCTHIClTl AND ETFCTRICITY 01 TENSION — -YlJOCirY 01 A 
YOITVIC CURRENT UNKNOWN AMrKRB'f. TJiroiLY, 


Tna science of electro-magnetism, which mnat lender 
the name of M. Oersted oYei memoiable, 1 elates to the 
reciprocal action of electrical and magnetic ounenta - M. 
Ampfere, by discovering the mutual action of electrical 
currenta on one another, has added a new blanch to 
the subject, to which he has given the name of electro- 
dynamics 

When electric currents are passing through two 
conducting wires, bo suspended or supported aa to bo 
capable of moving both towards and from ono an. 
other, they show mutual attraction or repulsion, ac- 
cording as the cunenta are flowing in the same or m 
contraiy directions , the phenomena varying with the 
relative inclinations and positions of the streams of 
electricity The mutual action of such currents, 
whether they flow in the same or in conti ary dnections, 
whether they be parallel, perpendicular, diverging, con- 
verging, circular, or heliacal, all produce different kinds 
of motion in a conducting wire, both lectilincal and 
circular, and also the rotation of a wire helix, such as 
that described, now called an electro-dynamic cy- 
Under on account of some improvements in its con- 
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etiuction 1 Anti as the hypothesis of a fence , vaiyiiig 
inversely as the squ/ue of the distance accords per- 
fectly with all the observed phenomena, these motions 
come undoi tho same laws of dynamics and analysis aa 
any othei branch of physics 

Eleotio-dynamic cylindeie act on each othei precisely 
aa if they woio magnctB during the time the electricity 
is flowing through them All the experiments that can 
be pei formed with the cylindci might he accomplished 
with a magnet. That end of the cylinder in which 
the curiont of positive electricity is moving in a direc- 
tion Birailai to the motion of tho hands of a watch, acta 
aa the south polo of a magnet, and the othei end, in 
which the ouiicnt is flowing in a contrary direction, 
exhibits noithein polauty. 

Tho phenomena mnik a very decided difference be- 
tween the action of electucity in motion or at rest, 
that is, between voltaic and common electricity , the 
laws they follow aio in many respects of an entirely 
different nature, though the electiicities themselves 
are ldontical Since voltaic electricity flows per* 
pctually, it cannot be accumulated, and consequently 
has 1 no tension, or tendency to escape from the wnes 
whloh conduct it Nor do those wnes either attract or 
ropel light bodies in their vicinity, whereas oidinary 
electricity can bo accumulated in insulated bodies to a 
great degree, and in that state of rest tho tendency to 
escape is proportional to the quantity accumulated and 
tho resistance it meets with. In ordinary electricity, 
tile law of action is, that dieaimilar electricities attract 
and similar electricities repel one anotliei. In \oltaic 
electricity, on the contrary, similar cunents, or such, aa 
are moving in the same direction, attract one another, 

i NoteSia 
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while a mutual lcpulmon is everted bet we on dissimilar 
currents, or such as flow in opposite cbiectionB. Com- 
mon electricity escapes when the pleasure of tile atnio- 
ephere is removed, but the oloctio- dynamical effects nro 
the same whether the conductors be in air or in vacuo. 

Although the effcctB produced by a curient of elec- 
tricity depend upon the celerity of its motion, tlio 
velocity with winch it moves through a conducting 
wire is unknown. We are equally ignoiant whether it ho 
uniform or varied, but the method of LiansmiBBion has 
a marked influence on the lesulta , foi when it flows 
without lnteiraissum, it occasions a deviation in the 
magnetic needlo, but it has no effect whatqvei when its 
motion is discontinuous or mtenupted, like tho current 
produced by the common electrical machine when a 
communication is made between the positive and ne- 
gative conductors 

ftf Ampere has established a theory of electro- 
magnetism suggested by tho analogy between elect* cu 
dynamic cylinders and magnets, founded upon the lcci- 
procal attraction of electric currents, to winch all the 
phenomena of magnetism and electro* magnetism may 
be reduced, by assuming that the magnetic properties 
which bodlos possess, derive these pioperties from cur* 
rents of electricity circulating about every part in ono 
uniform direction Although every particle of a mag* 
net possess like properties with the whole, yet the 
general effect is the same as if the magnetic properties 
Were confined to the surface, Consequently the in- 
ternal electro- currents must compensate One another, 
and therefore the magnetism of a body is supposed to 
from ft superficial current of dectnoity constantly 
i circulating in a direction perpendicular to the axis of 
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the mRgnct, bo that the rccipiocal action of magneto, 
and all the phenomena of electro-magnetism, aie re 
duccd to the action and icaotion of supeificml ciurenta 
of electucity acting at light anglea to then dnection. 
Notwithstanding tho expenmonts made by M Ampihe to 
elucidate the subject, tlieie is still an unceitainty in 
the theory of the induction of magnetism by an electric 
cm lent in a body neai it. It docs not appear whether 
elcatnc emientfl which did not pieviously exist are 
actually pioduccd by induction, or if its effect bo only 
to give ono uniform dnection to the infinite number 
ot electnr aments previously existing in the particles 
of the body, and thus lendenng them capable of ex- 
hibiting magnetic phenomena, in tho same mannei as 
polarisation lcduces those undulations of light to one 
plane, winch had previously beon pcrfoimcd in every 
piano PosBibly both may be combined in producing 
tho effect, for the action of an electilo ouuent may 
not only give a common direction to those already 
existing, but may also incioaso then intensity How- 
ovei that may bo, by aBBuming that the attraction and 
repulsion of tho elementary portions of electric cur- 
rents vary inversely as tile squaie of the distance, 
tho action being at light angles to tho direction of the 
cunent, it is found that the attraction and repulsion of 
a current of indefinite length on the elementary portion 
of a paiflllel curront at any distance fiom it, is in the 
simple ratio of the shortest distance between them. 
Consequently the reciprocal action of electric crurients 
is reduced to tho composition and lCBolution of foices, 
bo that the phenomena of electro-magnetism are hi ought 
under tho laws of dynamics by the theoiy of M.Amp&ro* 


A A 
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SECTION XXXII. 

M\oKETo-FirriRigm • — yoi rA-i irctmo iwhuctiok — mao- 

NIIOEIFCTRIC IKIMJCUOK, — IhlNril\ IK HIT W 1ION OF 
ElrCTHIOlTV AKD U\0M11B1I DrsCRjrrJON Oi A V V(1N£T0>. 

nrrTRia ArrvRArua and na rmcifl, — mi nmv oi iiao* 
KE1ISM AND LlPClHlClfY, 

From the law of notion and leaction being equal and 
contraiy, it might be expected that, aa olcctucity power- 
fully affects magnoti, so, conversely, magnetism Ought 
to produce electrical phenomena* By proving this 
very impoitant fact from the following series of inte- 
resting and ingenious expel iment% l)i. Faiaday has 
added another branch to tlio science., which lie has 
named magneto-electncity A great quantity of copper 
-wire was coiled in the fonn of a hohx lound ono half 
of a ung of soft iron, and connected with a galvanic 
battery, while a similar hohx connected with a galvan- 
ometer was wound iound the other half of the ring, 
but not touching the first helix. Aa soon as contact 
was made with the battery, the needle of tho galvan- 
ometer was deflected. But the action was transitory; 
for when the contact was continued, tho noedlo returned 
to its usual position, and was not affected by tho con- 
tinual flow of the electricity through the wiro connected 
with the battery. As soon, however, as the contact 
was broken, the needle of the galvanometer was again 
deflected, but in the contraiy duoctlon, Similar offfeols 
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woie pioduccd by an apparatus consisting of two hobcea 
of coppei wire coiled lournl a block of wood, instead of 
non, fiom which Dr Fftiaday mfcis that tlio electnc 
ounent pasyng fiom tho battory through one wne, in- 
duces a sirailai cuirent thiougli tho othoi wn c, but 
only at the instant of contact, and that a momentary 
cunont ia induced in a contiary direction when the 
passage of tho elootucity js suddenly intennptecl These 
bnof cunentfl or waves of electncity weie found to bo 
cflpablo of magnetising needles, of passing tluougli a 
small extent of fluid, and when ohaicoal points weio 
interposed in the cunont of the induced hoh\, a minute 
spaik was peiceivcd as often as the contacts woic made 
01 bioken, but neither chemical action nor any other 
clcctiic effects weie obtained A deviation of tho noodle 
of the gulvanomctoi took place when common magnets 
were employed instead of the voltaic cmront, so that 
tho magnetic and clcctiic fluids mo identical in thoir 
offbots m this exponment AgRin, when a helix formed 
of 220 feot of copper wne, into which a cylinder of 
soft non was introduced, was placed between tho noitli 
and south poles of two bar magnets, and connected 
with the galvanometer by moans of wues from each 
extremity, os often as the magnets weio bronglit into 
contact with tho iron cylinder, it bocarao magnetic by 
induotion, and pioduccd a deflection in tho noodle 
of tlie galvanometer On continuing tho contact, the 
neodlo resumod its natural position, and when the con- 
tact was brokon, deflection took place in tho opposite 
direction; when tho magnetic contacts weie reveised, 
the deflection was leveised also. With strong raagnots, 
so powciful was tho action, that the noedlo of tho gal- 
vanometer wlm led lound soveral times successively, 
and Bimilai cflfcctB weio produced by the meic appioxi- 
a a 2 
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irtntion or removal of tlio liolix to tho poles of tho mag- 
nets. Thus it wrb proved that magnets pi oduce tho very 
sumo effects on tlio galvanomotci that clectucity does, 
Though at that time no chemical decomposition was ef- 
fected by those momentary cui rent's which emanate lrom 
the magneto, they agitated tho limbs of a fiog , and Dr. 
Paraday justly observes, that rf an agont which is con- 
ducted along motalhc wnes in tho mannci deaenbed, 
winch, whilst ao pawing, possesses tho peculiar mag- 
netic actions and foice of a cm lent of clectucity, 
win oh can agitate ami convulse the limbs of a fiog, and 
wlueh finally con pioduco a spaih by its dischargo 
through eh ai cool, can only ho dcclucity ” Hence It 
appears that electrical cuuonts are evolved by mag- 
nets, which produce the aamo phenomena with tho 
electrical ounonts fiom the voltaic battciy . they, 
however, differ materially in this lespcct — that time 
is requited for the exorcise of the mngnetico-elcctiic 
induction, whereas volta -electric induction Is Infltnntn 
neons. 

Aftci Di. Faraday had pioyed the identity of tho 
magnetic and electric fluids by pioduoing tho spark, 
heating matallic wires, and accomplishing chemical 
decomposition, it was oasy to increase those offects by 
more powcifuL magnets and other arinngemonta, Tho 
apparatus now in use Is in effect a battciy, wheio tho 
agent is the magnetic, instead of the voltaic fluid, or, in 
other words, electricity, and is thus constructed. 

A veiy powerful horac-shoe magnet, formed of twelve 
steel plates in close approximation, is placed in a hori- 
zontal position. An ormaturo, consisting of a bar of 
ihe purest soft non, has each of its ends bortt at right 
aftglea, £o that the faces of those onda may be brought 
dhreody opposite and close to the polos of the magnet 
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'when lcguntnl Ten coppei wnei — coveied with silk, 
in oidor to insulate them — are wound lound one half 
of the bfti of bo ft non, as a compound helix- ten other 
Wires, also insulated, aie wound lournl tho other half of 
the bar. Tho extremities of tho fiist act of wues are 
m metallic connection with a circular disc, which dips 
into a cup of mcrciuy, while tho ends of the othei ten 
wires 111 the opposite direction aie Boldeied to a pioject- 
ing soiew-pieco, wluoh camca a slip of copper with 
two opposite points. Tho steel magnet is stationary , 
but when the ai mature, together with its appendages, 
is made to iota to vertically, the edge of the disc 
always remains immersed in tho meicury, while the 
points of the copper slip alternately dip in it and hbo 
above it. By the oidinaiy laws of induction, the aima^ 
ture becomes a temporal y magnet wlulo its bent ends 
aio opposite the poles of the steel magnet, and ceases to 
be magnetic when they arc at light angles to them. It 
impaita ita temporal y magnetism to the helices which 
concoutrato it ; and while one set conveys a current to 
tho (Use, tho other sot conducts the opposite current to 
tho copper slip. As tho edge of the revolving disc is 
always immersed in tho ra&rcury, one set of wireB is 
constandy maintained in contact with it, and the circuit 
5 s only completed when a point of the copper slip dips 
in tho rnercuTy also , but the circuit is "broken the 
moment that point rises above it Thus, by the rota- 
tion of the ai mature, the circuit is alternately broken 
and renewed , and os it is only at these momenta that 
electric action is momfcatecl, a brilliant spark takes 
place every time the copper point leaves the surface of 
the mercury, Plata na wire is ignited, shocks smart 
enough to be disagree ablo aro given, and water is de- 
A a 3 
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composed with astonishing rapidity by tlie same moans , 
which proves beyond a doubt tlio identity of tlio mag- 
netic and electric agencies, and places Di Faraday, 
whoso expeiiments established the princijile, In tlio first 
rank of experimental philosophers. 
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SECTION XXXII r 

n rnonuoFt) uy noiAtiow — Dinrcriox or tiie 

cunm ntb — j mum in 1 ntm iiir rotation op a ilvonit 

— M ATlAOO’fl FXYmiUlM FNTTAINTD — HOT ATI OK 01 A 

II All 01 IRON 111 nVFJN lilt JOTf*J Or A At \GM r RF- 

IAHON OF SUUSrANCtS 10 MA0NI1S 01 1IIRF1 KINDS 

TIIFUMO-BI FCiaiClll 

M. An ago discoveied an entirely new source of mag- 
netism in jotatoiy motion If a cnculai plate of 
coppei bo made to 1 evolve immediately above or below 
a magnetic ncctUe 01 magnet, suspended in such a man- 
ner that the magnet may lotate in a plane paiallel to 
that of tho copper plate, the magnet tends to follow the 
cncumvolution of tho plate ; or it tile magnet 1 evolves, 
the plate tends to follow its motion bo powerful ih 
the effect, that magnets and plates of many pounds 
weight liavo been carried round This is quite inde- 
pendent of tho motion of the an, since it is the same 
when a pane of glass is mtoiposcd between the magnet 
and tho copper* When the magnet and the plate are 
at loot, not the smalloBt effect, attractive, lcpulBivc, 01 
of any kind, can bo perceived between them In de- 
scribing this phenomenon, M Arago states that it takes 
place not only with metals, but with all substances, 
solids, liquids, and even gases, although the intensity 
depends upon tho kind of substance in motion. 
Experiments made by Dr Faraday explain this sin- 
gular action A plate of copper, twelve inches in 
diameter and ono fifth of an inch thick, was placed 
between the polcB of a powoiful horse-shoe magnet, 
t iA 4 
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and connected at cm Hun points with a galvanometer by 
copper wires When the plate was at rest no effect 
was pioduced, but as soon as the plate was made to 
revolve mpidly, the galvenometoi needlo was deflected 
sometimes as much as 00°, and by a unifoim rotation, 
the deflection was constantly maintained at d5°. When 
the motion of the coppci plate was reyorbed, tho needle 
wbb deflected m the contuiy direction, and thus a 
permanent current of eleotucity was evolved by an 
oidinary magnet The intensity of the cloctucity col- 
lected by the wires, anti conveyed by thorn to tho 
galvanometei, varied with the position of the plate 
relatively to tho poles of the magnet 

The motion of die electricity in tho copper plato 
may be conceived, by considering, that ineioly from 
moving b. single wire like the spoke of a wheel boforo a 
magnetic pole, a current of electricity tends to flow 
through it from one end to the otlim Ilenco, if o 
whed be constructed of a great many such spokes, and 
revolved near the pole of a magnet in tho manner of 
the copper disc, each radius or spoke will tend to have 
a cm rent pioduced in it as it posses tho pole. Now, 
as the circular plate is nothing moro than an infinite 
number of radii or spokes in contact, tho currents will 
flow in the direction of the radn if a channol ho open 
for therr return, and in a continuous plate that channel 
is afforded by the lateral portions on each aide of the 
particular radius cIobo to die magnetic pole. Tills 
hypothesis is confirmed by observation, for the current* 
of positive electricity set from the centre to the ciroum* 
feroncC) and the negative from the circumference to tho 
centre, and vicevmsd, according to the position of the 
magnetic poles and the direction of rotation, So that 
a collecting wire at the centre of tho copper plate con** 
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veyi positive electiicity to the galvanometer in one case, 
rmd negative in anothei , that collected by a conducting 
wire m contact with the cncumfeiencc of the plate la 
always tlie opposite of the olectiicity conveyed from 
the ccntici It is evident that when the plate and 
magnet are both at iest, no effect takes place > since the 
clectiic clu rents which cause tho deflection of die gal- 
van ometoi cease altogcthei The tame phenomena 
may bo produced by electro-magnets The effects aie 
similai when tho magnet lotates and the plate remains 
at lest When the magnet 1 evolves uniformly about 
its own axis, electiicity of the eamc kind is collected at 
its poles, and the opposite electiicity at its equator 
Tho phenomena winch tako place m M Aingo J s 
exponments may be explained on this principle. Wien 
both tho coppei plate and the magnet aio i evolving, the 
action of tho induced electno emient tends continually 
to diminish then 1 dative motion, and to bring the 
moving bodies into a state of relative rest, so that if 
one be made to revolve by an extraneous force, the 
other will tend to revolve about it in tlie same direction, 
and with the. baitio volocity 

When a plate of iron, or of any substance capable of 
being made oithor a tomporary or peimanent magnet, 
revolves between tho polos of a magnet, it is found that 
dissimilar poles on opposite sides of the plate neutralise 
each other's effects, bo that no electricity is evolved, 
while similar poles on each side of the i evolving plate 
increase tho quantity of electiicity, and a single pole 
ornl-on is sufficient But when copper, and substances 
not sensible to 01 dinary magnetic impressions, revolve, 
similar poles on opposite sides of tho plate neutralise 
each other, dissimilar poles on each aide exalt the ac- 
tion , and a single pole at the edgd of die revolving 
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plate, oi emUon, tloca nothing. This form* a icul for 
d is tingnt Rlimg the oidlimry magnetic foriu fitmi that 
piocluccii by lolation. Jl unlike polenj tlint In, n mmh 
and a south polo, pioduie more olli'Ct tlinn one puli*, 
tho foico ivlll bo due to define cummin , il similar 
poles pi od u co inoic cfTbci than one, thou I lie power h 
not cluunc. Those Imnufgntion* «lmw ilmt ihoie are 
really vciy ibw IxhIich magnetic in ihe maimer of mm, 
T)i,l ,1 nia(lay tlierefou 1 ni iangen nitlmlmiceH in Mn ee 
with legtiid to llicli ldallon to magneto, Tlnmc af- 
fected by ihc magnet when at n*t, like lion, sleek and 
nickel, winch possess ouHnaiy magnetic pinptiiiui , 
thoso aflbctod when in motion, in winch elect tie cur*, 
lento aro ovolvod by Lbe Imlurltvo luico ol tlu* inngnci, 
Buoli as ooppoi j and lastly, llione which are perfectly 
IndlflbroiU to the mngnot, whether oL teiil or in mot loin 
It has flhoady boon observed, llmL lhm» bailie* arc 
loqulsito to fonn n Rnlvnmc circuit, olio of which must 
bo jfliiid. hut m 18J22, ihofcssm Bcclx-ck, of lU-rlin, 
dlscoYored tlmL decide curioiits mny bo produce l by 
tlio partial application of heal to a circuit foimotl of 
two solid oomhictois. l^ui example, when a wnnldrcle 
of bismuth, joined to a somiohclo of antimony, id at to 
form a ling, la heated at one of the Junctions by n lamp, 
a oiuront of electricity flows through tho chcult from 
tho antimony to tho bismuth, and such ihoi mo-dec I rio 
currents produce all tho ulcctro-magnotio offbeto. A 
compass nocdlo placed ohlior within or without tho cir- 
cuit, and at a small dlstanoo from it, is doflooted from 
its natural position, In a dlroctlon corroapotuling lo tho 
tray In which tho electricity la /lowing. If auoli • ring 
bd Suspended so as to movo oaally In any direction, It 
will obey tho cation of a magnet brought nonr It, mid 
tbay oven bo mado to rovolvo. According to the fo- 
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seniches of M Seebcck, the same substance, unequally 
heated, exhibits elcctncal cm 1 cuts, and M Nobili ob- 
Boivetl that m nil metals, except zmo, lion, and anti- 
mony, the clcotncity flows from the hot pmt towaids 
tliat winch is cold That philosopher attributes torres- 
tiial magnetism to a difference in the action of heat on 
tlio vanom substances of which the crust of the eaith 
is composed , and in confhmatiou of Ins views lie lias 
produced electrical cun elite by tho contact of two pieces 
of moist clay, of wlucli ono was hottei than tho other 
M* Becquerel constructed a tlioimo-elcctnc battery of 
ono kind of metal, by which he has determined tho 
i elation between the heat employed and tho intensity of 
tho insulting olcctucity. He found that in most metals 
the intensity of the cunent inci eases with the heat to a 
ceitain limit, but that this law extends much farthoi in 
motals that aie difficult to fuse, and which do not rust* 
Tho oxpei linen ta of PiofeBsoi Cumming show that the 
mutual action of a magnet and a tlieimo-elootiio cuirent 
is subject to tlie same laws as those of magnets and gal- 
vanic cuiients, consequently all the phenomena of lcpul- 
Blon, attraction, and rotation, may be exhibited by a 
thormo-electiic Qunent M* Bottot, of Tunn, lms de- 
composed water and some solutions by tlicimo-electn- 
clty, it is, however, so feeble that neither heat, light, or 
any other effects of tenBion have been perceived 
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SECTION XXXIV. 


THE ACTION OF TERRESmi AL atAaNETIBM UPON ETTCTRIC CU»- 
nrim — induction oi utoteio gur-ren'is HY TI ARJ 8TRIAL 

HA0NETL9M — TIFF EARTH MAGNETIC DT INDUCTION MU. 

BARLOW**) FiPERlMENl OP AN ARTIFICIAL flPJlFUP TUTS 

iikat or the sun tui thobabte causk of rnxTRia CUR- 
RENTS IN THE CRUST OP TJIF FAftin AND OP THE VARIATIONS 
IN T&RREB1 AIA& MAONF P1SM • — IF UR Kb HU AT AIAON FUJT8M 
FQSSlltlY OWING 10 ROT \TION — iLAGNFTlO lllOrFRTIVS OP 

T11E 0ELB1TIAI BODIES IDENTITY 01 TI1P HVF XlNDS 0 ¥ 

ELECTRICITY — CONNECTION BllWETN UGm, UTYT, A>H 
ELlOTRiaiTY ORllAQNKTIflJl 


In all the experiment* hitherto doBonbed, aiUflcinl mag- 
nets alone were used, butitia obvious that the magnet- 
ism ot the terrestrial spheroid, which has so poweifUl 
an influence on the marirtei's compass, muBt also affbot 
electrical cm lent*, It consequently appears that a 
piece of copper wire bent into a rectangle, and flee to 
revolve on a vcitical axis, anangeB itself with its plane 
at nght angles to the magnetic meridian, as soon as a 
stream of electricity la sent through it. Under the same 
circumstances a similar lectangle, suspended on a hori- 
zontal axiB at nght angles to the magnetio meridian, 
assumes the same inclination with the dipping needle. 
So that terrestrial magnetism lias the same influence on 
electrical currents as an artificial magnet But the 
magnetic action of the earth also induces electric cur- 
rents When a hollo'w helix of copper wire, whose 
&*htetmtiea are connected with the galvanometer, 38 
placed iri the magnetio dip, and suddenly inverted se- 
viral ‘tltoefl, accommodating the motion to the osciL- 
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lations of the needle, the latter is soon mado to vibrate 
through an arc of 80° or 90°, Hcncc it is evident, 
that whatevei may he the cause of teneatiial magnetism, 
it produces cmrentB of electricity by its dneefc inductive 
power upon a metal not capable of exhibiting any of 
tho oidmaiy magnetic properties The action on the 
galvanometei is much greatei when a cylinder of soft 
non is mam ted into the helix, and tho enme results 
follow the simple introduction of the non cylinder into, 
or removal out of the holiT These effects arise fiom 
the iron boing made a temporal y magnet by the induc- 
tive action of toirestnal magnetism, for ft piece of iron, 
suoh hb a poker, becomes a magnet for tbe time, when 
placed m the line of the magnetic dip 

M Biot line foirncd a thcoiy of loncstnal magnetism 
upon tho obsei vations of hi do Uumboldt as data 
Assuming that the action of tho two opposite magnetic 
poles of the aarth upon any point is inversely as the 
square of the distance, he obtains a geneial expression 
foi the direction of tho magnetic needle, depending 
upou tho distance between the north and south mag- 
netic polos ; so that if one of these quantities vanes, 
the corresponding variation of the other will be known. 
By making tho distance between the polea vary, and 
comparing the resulting dhoction of tho needle with the 
observations of M do Humboldt, ho found that the 
nearer thopoleB are supposed to approach to one another, 
the moio did the computed and obseived results agree , 
and when tho poles wore assumed to coincide, or nearly 
so, the difference between themy and observation was 
the least possible It is evident, therefore, that tho 
oai th does not act as if it were a pci manently magnetic 
body, the distinguishing characteristic of which is, to 
havo two poles at a distance fiom one another Mr. 
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B allow haB investigated tins subject with much skill 
and success lie flist pioved that tho magnetic power 
of an iron sphere resides m its smfaco , ho then en- 
quired what the supoificial action of an non sphcio in 
a state ot transient magnetic induction, on a magnetised 
needle, would bo, if insulated fiom lha influence of ter- 
lestnal magnetism. The losults obtained, conoboiatcd 
by the profound analysis of M Poisson, on tho hypo- 
thesis of the two poles being indefinitely neai the ccntio 
of the spheie, aie identical with those obtained by M. 
Biot for the earth fiom M do Humboldt's obseivations, 
"Whence it follows, that tho laws of tencUnai magnet- 
ism deduced fiom thofoimulm of M Biot, aic incon- 
sistent with those which belong to a pci man on t magnet, 
but that they aie perfectly concoidant with those belong- 
ing to a body m a state of tiansient magnolic induction. 
The earth, therefore, is to be consulcicd as only tian- 
aiently magnetic by induction, and not a ical magnet, 
Mr Barlow has rondered thiB extremely piobable by 
forming a wooden globe, with giooves admitting of a 
coppei wire being coiled lound it parallel to the equator 
from pole to pole When a current of electricity was 
sept through the wire, a magnetic needle suspended 
above the globe, and noutioJised fiom (ho influonco of 
the earth’s mRgnetiBm, exhibited all the phenomena of 
die dipping and variation needles, accoiding to Its po- 
sitions with regard to the wooden globe, As thero can 
be no doubt that tho same phenomena would bo ox* 
hibited by currents ot thermo, instead of voltaio, eloc* 
tncity, if die grooves of die wooden globe woro filled 
by rings constituted of two metals, or of one motal un* 
equally heated, it seems highly probable that tho heat 
of (He sun may be the great agent In developing eloctrlo 
currents in or near the surface of the earth, by it* sc* 
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tion upon the substances of which the globe is com- 
posed, and, by changes in its intensity, may occasion 
tho chuinal variation of the compass, and the otliei vi- 
cissitudes in tenestnal magnetism evinced by tho dis- 
turbance in the directions of the magnetic lines, in tho 
same manner as it influences tho paiallehsm of the ibo- 
tlieimal lmcfl That such cm rents do cxiBt m metal- 
lifoious veins ap perns flora tho cxpenments of Mr 
Fox m tlio Coimah coppei -mines. However, it is 
probable, that the seculm and peuodic disturbances in 
tho magnetic lorco me occasioned by a vanety of 
combining circumstances Among others, M Biot 
mentions the vicinity of mountain chains to the place 
of obsenation, and still moio the action of extensive 
volcanic flies, which change the chemical state of the 
teueatml surface, they themselves varying from age to 
ago, somo becoming extinct, while otheis bin at into 
activity 

It 10 moicoYci piobable, that tenestiial magnetism 
may bo owing, in 0 ceitain extent, to the caith’s rota- 
tion, Hi. Faraday has pioved that all the phenomena 
of lOYolving plates may bo produced by the inductive 
action of the earth's magnetism alone If a copper 
plate bo connected with a galyanometei by two copper 
wires, one from tho centre and anothei from the cir- 
cumference, in order to collect and convey the electricity, 
it is found that, when the plate revolves in a plane 
passing though tho lino of the dip, the galvanometer is 
not affbated But as soon as the plate is inclined to 
that plane, oloctiicity begins to be developed by its 
rotation , it becomes moio powerful as the inclination 
increases, and anives at a maximum when the plate 
lovolyes at light angles to the line of the dip "When 
the revolution is in tho same direction with that of the 
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lunula or i watch, die current of cWtrldly flow* from 
lu ctonlre la tile* clrruinft ronce ; and whrfi ihr latallon 
fi in lltc oppotlle direction, Urn torrent *ru the can. 
tmy way* Tin* grrattnl deviation t*f the gahammicier 
amounted (o flO* 1 or (tO\ when the direrllau of dir 
rotation wnn accimiuiuiliiud to the uftrillalhm* of |Jig 
noedlo, Tlitw a Ciqq*i plmr, revolving in a plane it 
right nugU** (n llu* lint* nf ilin dip, fnriti* a t»t w rJc< rrlral 
machine, dlfK ring from ihn mminmi |d«lc gla** iitarVIm*, 
by the main!*) nf wiiirli le in rmn)Hi*il Wing the imwt 
pm ft rl riMiiliK tnr, whnrai gW* !•* Hjp nmil [* rfn i non. 
rimdumur, In^ldca, Imndatltm, which l- iwntUI In 
tlm gldM machine, in fatal In the tapper nne TJto 
quantity of ulrrtrlclly rralml by dm m*J4l tinea not 
Appear la he Inferior lo that d<tvplope f l h/ d» r ghw, 
though very illfTbrtml In Intenaliy, 

Prom Iho experiment! of Ur faraday, amt el** Ortm\ 
theory, H la jKnwlblr that ilia rotation nf dm mrtli may 
product* electric curirnu In ii* own imtn In dial caao, 
they would How mt peril dally In llm meridian*, and If 
collccton could W applies! at llie* pqtumr amt jhiWi, ai 
In the revolving plain, negative electricity would be 
collected At llm equator, and ]n*dHvc at the |>oJp*, but 
without lomelhlng equivalent la cmkliielnra to complete 
tho circuit, tlieio mrrenta cmihl not atrial* 

Since die motion, not only of incuU hut wm of 
DultWj wlum under llm Influence of powerful magtteu, 
cvolvct electricity, H Ji probable iliat the gulf nmm 
may rxort a wmolble Influpnc* upon rite forma of the 
line* of magnetic variation, In ecna*qtumec of docirlfl 
oummu moving aero* it, by Urn dwtro-magneilo 
Induction of die earth. Wvan a ahlp, pualiig over tho 
furfaoc of tho water In norihom or aouUiem latitude^ 
oa^hb to have olootrlo mirronu running directly aorta 
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tho line of her motion Dr Faraday observes, that 
such Js the facility with wluoh electricity ib evolved by 
the earth’s magnetism, that scarcely any piece of metal 
can be moved in contact with others without a develop- 
ment of it, and consequently, among the ariangements 
of steam engines and metallic machinery, cunous electro- 
magnetic combinations probably exist, which have never 
yet been noticed. 

What magnetic properties the sun and planets may 
have, it ib impossible to conjecture, although their 
rotation might lead us to infei that they aia similar to 
tire earth in this respect, According to the observations 
of MM, Biot and Gay-Lussac, during their aerostatic 
expedition, the magnetic action is not confined to the 
surface of tho earth, but extends into space A decrease 
in ita intensity is perceptible, and as it most likely 
follows tho ratio of the inverse square of the distance, it 
must extend indefinitely. It is probable that tlie moon 
lias become highly magnetic by induction, in conse- 
quence of her proximity to the earth, and because her 
greatest diameter always points towards it. Should the 
magnetlo, like the gravitating foice, extend through 
space, tbe Induction of the sun, moon, and planets,' 
must occasion perpetual variations in the intensity of 
terrestrial magnetism, by tho continual changes in their 
relative positions. 

In tho bilof sketch that has been given of the five 
kinds of electricity, those points of resemblance have 
been pointed out which are characteristic of one indi- 
vidual power. But as many anomalies have been lately 
removed, and the identity of the different kinds placed 
beyond a doubt, by Dr. Faraday, it may be satisfactory 
to tako a summary viow of the various coincidences m 
their modes of action on which thch identity liaB been 
n jj« 
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io nbly and completely cxtabllalud hy lliai great elec- 
trician. 

Tli o jminu of eompariwii are attraction ami rqmL 
alon at oemdblc dlalancv*, diachaiged from painta through 
nlr, llm healing power, magnetic influence, chemical 
docompoaiUtm, Action on the human fraim, ami Uiily 
the apark. 

Attrnrllon ami rrpuMnn at atiiaihlc dUuncr#, which 
ai o no eminently charjutcrivfic uf urditmrj rlectrlrity, 
aiuj nlao In a Irwwr degree, of the voltaic ami magnetic 
current!, have not Ikhui perm ml in either llir thetino 
or animal eh rlriritlra, nut on account nT ili fibre ih« of 
kind, lmt ms log to Inferiority in tension , for oven 
ordinary electricity, when much ntlucMl In quantity 
and iniemily, la Incapable uf exhibiting ihcw phr* 
nomenpi 

Ordinary electricity la readily diwliargrd from point* 
through air, hut Dr. Faraday found that no ocniiUc 
nllbrl lake* place from t battery emulating of 1 10 
double pinion, Hllicr llmmglt air or hi the exhimtrd 
receiver of nn air pump, the imLi of the dUcliargc taring 
t)io electromotor nml chemical acucm, — tircumiftanM 
owing to Uio imall degree of umiltm, for an enormou* 
quantity of electricity la requlml to make toeao eflbcur 
mmilbloi and fbr tint reiaon limy oarnioi bo <w]«»cLcd 
fiom Uio other kind*, which arc much inferior in degrto, 
Common olwurlelty ptnat cailly through rarefied ami 
hot air, and alio through flame. Dr, Faraday eflwtwl 
ohomloal daoompoiltion and a deflation of liio galvaru 
oraotar by Uio tranamliaJorxof volLala olwuialty through 
hrttod Air) and ohadrvai that ditto oxpariraanta art only 
OUoa of Uio diadurgo which Ukoa place through air 
bofrwoca too chatooal lormlntUona of too poltt of a 
powtttful bdUory wbon tooy aro gradually taparaiod 
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after contact — foi the an is then heated Sir Humphry 
Dayy mentions that, with the ongmal voltaic apparatus 
at the Royal Institution, the discharge passed through 
four inches of an ; that, in the exhausted recen ei of 
an an -pump, the elecUicity would strike through neaily 
lialf au inch of space, and the combined effects of 1 are- 
fact ion and heat, upon the included an, were such as to 
enable it to conduct the eleotncity thiough a space of 
six oi seven inches A Leyden jar may he instantane- 
ously charged with voltaic, and also with magneto- 
electricity — another proof of their tension. Such effects 
cannot be obtained fiom the othei kinds, on account of 
their weakness only 

The heating poweis of oidinaiy and voltaic electricity 
have long been known, but the woild is indebted to 
Hi Faiaday for the wondoiful discard y of the heating 
power of the magnetic fluid Iheio is no indication of 
heat either fiom the animal or thcrrao-eleotucitiea, All 
kinds of eleotncity have stiong magnetic powers, those 
of the voltaic fluid aie highly exalted, and tlie exist- 
ence of tho magneto and thermo-electricities was dis- 
covered by their inagnotic influence alone The needle 
has been deflected by all in the same manner, and, 
with the exception of thermo-electricity, magnets have 
been mado by all accoiding to the same laws Oidinary 
electricity was long supposed incapable of deflecting 
tile needle, and it required Hi.Faiaday’s ingenuity to 
pioduco that effect. lie has, howcvei, pioved that, m 
this respect, also, oidinary electricity agieea with voltaic, 
but that time muBt be allowed for its action It de- 
flected the needle, whether the cuuent was sent through 
larefled air, water, or wire. Numerous chemical de- 
compositions have been effected by ordinary and voltaio 
oleotricity, according to the same laws and modes of 
bb2 
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arrangement. Dr. Dary decomposed water h y the elec- 
tricity of iho torpedo, — Dr. Kwmday areomplUhed Sti 
decompoiltlon, Mid ]>r. KUchlc* it* romporiUmi, liy moan* 
of magnetic action ; and M. Hotnu, of Turin, lift* shown 
lilt! cticmlca) cAkci* of the ihm no* electricity In iho do* 
oompoaltlon of water, m\ wune other nulttwncri The 
cloclrk ami galvanic rimck, the in iliocym, *nd 
tho ien*atlou on (ho langur, ore well known, All i]n*a 
cflbcla arc produce! by lnagnelo-oIccirirUy, even io a 
painlhl degree, Tho tor|«*lo and gymnuiua elrrlricui 
givo wncrc riiork*, ami tho lltiih* of a frog haw \mx\ 
ccmviilactl by ilmrino-clecirlplty, Tin* Un point of 
comparison U the n*rk, which In common to ihn or- 
dinary, volulc, and magnetic fluid* j ami although k 
hai not yot boon aeon from (he thermo «ml animal 
doctrlcliloij there can bo no doubt that It la only on 
account of thdr fwblcncai, Indeed, U to conduiion 
dinvrn by Dr. Faraday la, that Um fire ktmli of oloo- 
tricky arc identical and that tiio difference* of Jnunally 
and quantity are quite lufflclonl to account for what 
worn mppoicd to be Uicrir dlailnclWe qualities Ho hu 
given still greater Maurauw of their Identity by allow* 
lng lltil tho mogucLio force and the ehomleal lcilon of 
olootricUy ahj In direct proportion w lha absolute quan- 
tity of tho fluid which patw through tho galvtnumouir, 
Yrlmlovor Ita IntcnaJty may bo, 

« In light, heal, and olecLricky, or magnoilam, uaturo 
boa exhibited principle!* which do not occasion any ap- 
preciable change In tho wight of bodiei, although ihelr 
proton co li manlfbiied by Uio moat remarkable mocha- 
nloal and ohomiwd action, Tbc#c agcmclta are *o con- 
fcMlcd, that thoro li rotten to bdlcrp they will ultimately 
bo referred to lomo one power of t higher artltr, In 
cortfowriUy with tho general economy of tho ayviom of 
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the world., where tho most varied and complicated effects 
are produced by a small number of universal laws. 
These principles penetrate matter in all directions; their 
velocity is prodigious, and their intensity varies inversely 
aB the square of the distance. Tho development of 
electric currents, as well by magnetic as electric induc- 
tion, tho similarity in their mode of action in a gieat 
variety of circumstances, hut, above all, the production of 
tlio spark from a magnot, the ignition of metallic wires, 
and chemical decomposition, show that magnetism can 
no longer bo rogaicled as a separate independent prin- 
ciple. That light is visible heat, seems highly probable , 
and although tho evolution of light and heat during the 
paasago of die electric fluid may be fiom the compies- 
sion of the air, yet the development of electiicity by 
heat, tho influence of heat on magnetic bodies, and that 
of light on tho vibrations of the compass, show an 
occult connection between all these agents, which pro- 
bably will one day be revealed. In the mean bine it 
opens a noble Add of experimental research to philoso- 
phers of the present, perhaps of future ages. 
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ITKlt&KAr MICI1IUM* <— lOXlKTK.- Iktl tfnf l»l*Tir«IM TMP WtUn 
HYstKM. — rupiK okmim a Nit m«m(M Ki r* rp«i*'Mi or 
TIJKFK XKOWNi 1 — AltKlKKW'JOK I* Tit* Mr** l*f 

unokk’m ANit hikf a*« rnMrrn« - rii* niio** n* a H«u»r — • 
^irocmr anh ihyih ai i oNirirn nn*. ruiuh hi mu* 
llOWKI) T ICJ II r. — Khfl MANOR t\V Till I A M M**A 

In consltlotlng^ iho connlllulloii nr the rardi and die 
fluid* which surround !l, vnrlmia lulijneln lime primed 
Uiomsolvoi lo our noltroj of wlilcli some, fbr auglii wo 
know, nio oonflnod lo llio jtlitnoi wp Inlitlill j some arc 
common lo II and lo iho other Itndlca of our *y«t*n. 
But nn all-pomdlng other probably Alls die whole 
vlalblo crontlon, and ronvoya, In (lie form of llphr, 
Iromoia whloli may have lxvn excited In iho Hrepest 
locossoa of llio universe thousands or year* before wo 
woro called Into boinp;. The cxlalenoc of such a medium, 
though nl first hypothetical, Is nearly prowl by tho 
undnlotoiy lliaory of llghi, nnd rendered all Imt tortaln 
within n fow yonis by tlio motion of coin els, iml liy lu 
notion upon tho vapour* of which limy are chiefly turn, 
posed. It has often boon Imagined llial, In addition lo 
llio oflbots of heat nnd oloolriolty, (lie tails of pnm«U 
havo Infused now anbaumooi Into our ainiucphens 
Possibly tho onrth may attract somo or dial nabuhm 
nwtlor, slnoo tlio vapoun railed hy Uio iun‘a heat, 
whon tho oomols arc In perlhollo, and which form thdr 
tniU, oro flaallorod through (pace In Uiatr pamgv fa 
flWlJ 1 Apholion i but It lu* hitherto produced tw pflbct, 
non Hava (lid Masons over boon InQaOPeed by (how 
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bodies In all piobability, the tails of cometa may 
have passed over the earth without its inhabitants being 
conscious of then presence 

The passage of comets lias never sensibly diBtmbed 
the stability of the solar system , then nucleus, being 
in general only a masB of vapoius, is so rare, and their 
transit so rapid, that the time has not been long enough 
to admit of a sufficient accumulation of impetus to pio- 
duco a perceptible action. Indeed, M Dusqjoui has 
proved that, under tlio most favourable circumstances, a 
comet cannot lemam longoi than two liouis and a half 
at a IeBs distance from the earth than 10,500 leagues 
The comet of 1770 passed within about si* times the 
distance of the moon from the eaith, without even 
affecting oui tides , and as the moon has no sensible 
influence on the equilibrium of the atmoapheie, a comet 
must have still less. Accoiding to La Place, the action 
of tlio oaith on the comet of 1770 augmented the period 
of its revolution by moio than two days ; and if comets 
had any peicoptible disturbing energy, the leaction of 
the comet ought to have increased the length of our 
year. Hod the mass of that comet been equal to the 
masB of the earth, itfl dlatuihing action would have in- 
creased the length of tho suleral year by 2 h 53^ , but 
as Delambre's computations from the Greenwich olv 
sei ration b of the sun, show that the length of the year 
haa not been increased by the fraction of a Becond, its 
mass could not have been equal to tho part of that 
of tho earth, This accounts foi the same comet having 
twice swept through tho ay stem of Jupitei’B satellites 
without deranging the motions of these raoonB. M, 
Duscjom has computed that a comet, equal in maBB to 
the earth, passing at the distance of 12,150 leagues 
from our planet, would increase the leugth of the yeni 

PB it 
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to 367 ^ 1 CP 1 5 ,n j *ml tho obliquity of the elliptic u 
much na 2°. So tho principal action of wuno ii would 
bo to niter tho calomlarj oven If they wore tianw enough 
to nfTbot tlto earth, 

Comota traverse all pnrlsof tho lionveim; ihdr paths 
lmvo ovory possible Inclination 10 tlio pUiir of thccriip* 
tic, and, unlike the pianola, tlio muilon of inure (ban 
half of those that have nppuawd have been rulregrado, 
that la, fiom cast to wuhL They art* only vMblt* when 
near thoit pen helm; thou (huh velocity is and 1 , that iu 
eqimi 0 Is hvioo ns giant ns llntl of * body moving in * 
circle at the snmo distance 1 (hey con seque fitly remain 
hut a vciy short time within tlto planetary orbit*. And 
os all tho conic sections of the ssuio focal dialancr »n M 
albly qdncldo, through a email aic on each aide of (ho 
extremity of tholr axis, It la difficult la luctTUin in 
which of thoao oiuvei tho oomoU move, /Vow observ- 
ations made, as ihoy necessarily muit l>c, at their peri- 
hohfl. lhobably they nil move In extremely exconlrio 
ellipses, although in inoit cntci the parabolic curve 
coincides most noaily with thuli obwivwl motions* 
Seine few seem to doicilbo hyperbolas j vucli being onco 
visible to ua, would vanish for over, to wander through 
hoqndloai apsco, (0 tlto romolo system* of iho uulveraoi 
If a planot be supposed to rovolvo in a circular orbit, 
whoso radius is equal to tlio puiihollou distance of a 
comet moving in a parabola, tlio areas dowribed by 
those, two bodies In tho same limo will bo as unity to 
tho square root of two, wldoh Ibrma sucJi a connection 
between tlio motion of comou and planets, that, by 
Kopies law, tlio ratio of tlio areas dewribad duriug 
tho same (Jmo by tlio comet atul the earth may bo 
found* 1 j(3o that tho plsco of a oomot at any tlma In its 
parwjpdOokhlt, estimated ftym tlio (mum of iu passage 
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at tlto- may be computed. It ia a pro 

blom 0 fti'Gnt difficulty to detcinuue all the other 

olcinen^ i >n -*'^boho motion' — namely, the comet's 
pcrlll^ or ahoiteat distance fiom tlie sun, 

of tlie mean distance of the earth 
from hX f X J longitude of tlie pmihehon , tlie in- 

cllnn ^ 011 ° 1 orbit on the plane of the ecliptic, anti 
llio Ul{ * °f the ascending node, Tin ee observed 

lo»fd ttU eft latitudes of a comot are sufficient for 

cornp'** 1 * 11 ^ ll<i values of these quantities, 

but a * 1 flccutato estimation of them oitn only bo obtained 
by buoOCs 0 Vq Corrections, from a number of observ- 
ation Bs c | at4l ht from ono another, When the motion of 
a comol Q 10 ^ 0 fiiadoj the place of the ascending node is 
oxnoLly 0 |)p°slto to whaj it h when the motion is dhect 
Ho i icc tlio place of the ascending node, together with 
tlto dircictlon of the comet’s motion, show whether the 
inclination of tiro orbit 10 on the noith or south side of 
tho piano of tho echptic, If the motion be direct, the 
Inclination 1 b on the north side; if retiograde, it is on 
tho aoukh 3UI0. 

Tho Identity of the elements is the only proof of tho 
return of * ootnet to our system. Should tlie deraonta 
of ft now comet be the same, or noaily the same, with 
ihoso of any one previously known, the probability of 
(ho identity oF tlio two bodies is very great, since tho 
elmllarHy oxtondu to no leas than four elements, overy 
0110 of wllloh is capable of an infinity of variations. 
Jlut ovou if tlie orbit be determined with all the accu-< 
racy tho case* admits of, it may bo difficult, or oven 
impoBatblOj to recognise a comet on *U ieturn, because 
It* orlilt would Ijq vary much changed if it passed near 
any of tlia largo planets of this, or of any other system, 
in ootlBaquonco of their disturbing energy, whioh would 
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bo very parent on bodies of no rare n iiilurr. llullry 
computed lire cloincnls of tile orbit of « mind ilmi 
appeared lu tlio year wltUh agreed »u nearly 

with those of the domelR nl T (iH7 mid I AH I • ilml )id 
concludod it to bo the Mine Imdy returning M iht nun, 
at intorynlB of nlxutt novoiny-Hvo years* fit* roiiw. 
quontly predicted its lo-apprnmiHV In ihe ymr 17^8, 
or In the Iwgimmig of Hi lew* wm not suf* 

flclniLly advanced in tho 1 1 mo of Ualky, In i liable him 
to ilotormino iho perturbations tlili roinci might cx« 
poiionco; but Clnlraut com pu toil dmt it would In? re- 
taulod in iu motion a hundred days by dir aiirarilpn of 
Sfltmn, nml M8 by that of Jupiter, And roiJmnpirndy, 
that it would pais its perihelion nlmut the middle uf 
April, 17 flg, requiring til 8 days more in urmn at dut 
point than In Its preceding revolution. Thin, however, 
ho considered only to bo an approximation, and that k 
might bo lldrLy days more or low ■ tlm return of tho 
comet on die 12ih of March, i7$f), proved die* Until of 
tlio prediction. MAT, Datnolsoiui nml I J on LermihuU 
lmvo SBccilfllnotl then tldn comet will return riilitron 
tho 4 tli or the 7th of November, IRzM ; die dlOVreneo 
of throe days lu tliolr computation* arises from their 
having employod dlflhront value* for tlio masses of U 10 
planets, Tills is tlio lint comol whoso jwiiodklly hu 
boon established. Ji )■ also tlio first whose olomtmiJi 
have boon determined from obwrvaUcm* itstdo in 
Europe, for altliougli tlio comoli which appearwt In tlm 
years S40, 589, ^05, and 837, a* die most juiriani 
V^how orbit* have boon traced, tliolr olomoma woro com- 
puted from Clilnoso obtorvadorii, 

By far tho most curious and interesting iusuwoo of 
the dlifodblng action of dm groat bodies or our Ayaiom 
u ftuhd In tho oorcol of 1770, Tho elomctiU of Its 
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orbit, detci mined by Messier, did not agree with those 
of any comet that had hithoito been computed, yet 
Lexel ascertained that it described an ollipse about the 
sun, whoso major axis was only equal to tlnee times 
tho length of the diameter of tha toirestual oibit, and 
consequently that it must return to tho sun at mtoivals 
of five ycftis and a half. This lcsult was confirmed by 
numerous obseivations, as tho comet was viBiblo tbiough 
an arc ol 170°; yet this comet had ncvei been ob- 
seivcd befoio the year 1770, noi lias it ever again been 
aeon, though veiy brilliant Tho diatuibing action of 
the larger planets affords a solution of this anomaly, ob 
Lexel nscei tamed that in 3 7^7 comet mimt liayo 
passed Jupiter at a distance less than tho fifty-eighth 
part of its distance from the sun, and that in 3779 it 
would be 500 times nearer Jupitoi than the sun, con- 
sequently the action of the aim on the oomet would not 
ho tho fiftieth part of what it would experience fiom 
Jupiter, ao that Jupiter became tho primum mobile. 
Assuming the orbit to he auch as Lexol had determined 
in 1770, La Place found that tho action of Jupitoi, 
previous to the year 1770, had ao completely changed 
the form of it, that the comot which had been invisible 
to us before 1770, was then brought into view, and 
that the action of the same planot pioduoing a contraiy 
effect, Iibb, Bubacquontly to that year, removed it, pion 
bably for over, from our system. Tina comet might 
have been aeon from the earth in 1776, had its light 
not been eclipsed by that of the sun. 

Besides Ilalloy's comet, two others are now proved 
to form part of oui system , that is to say, they icturn 
to tho sun at intervals, one of 1207 days, and tho other 
of G'jf years, nearly, The first, genoially called Encke's 
comet, or llie coraofc of tho abort period, was that aeon 
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by MM. Meaner and Mecliam in 1786, again ty Miss 
Herschel in 1795^ and its returns in the yenis 1805 
and 1819 were observed by other astronomers, “unde* 
the impression that all four wero different bodies. 
However, Professor Encke not only pi overt tlicir ideil-* 
tity, but determined tbo circumstances of tlio comot's 
motion Its re-appeaiance in the years 1825, 1828, 
and 1882 , accorded with the orbit assigned by M. 
Encke, who thus established the length of its pouod to 
he 1207 days, nearly This comet is voiy small, of 
feeble light, and invisible to the naked oyc, except 
under very favourable cucumatances, and in paiUcuIar 
portions. It haB no tall, it revolves in an ollix>ee of 
great excentnuty inclined at an angle of 13° 22' to the 
plane of the ecliptic, and is subject to considerable por+ 
tuibatjons from the attraction of the pl&nota, Among 
the many perturbations to which the planets aro 11a1)1o> 
their mean motions, and, therefore, the mnjor axos of 
their orbita, expenencc no change; while, on tho con* 
trary, the mean motion of tho moon is accelerated fVom 
age to age, a circumstance at first alti United to tlio to** 
Bistance of an etherial medium pervading spuco, but 
subsequently proved to arise from the secular dimi- 
nution of the excentucity of the terrestrial mbit, AL 
though the resistance of such a medium has not liithorlo 
been perceived m the motions of such dense bodios 04 
the planets and satellites, its effects on the revolution* 
of the two small periodic comets hardly leave a doubt of 
its existence Prom the numerous observations that 
have been made pn each return of the comet of the 
abort period, the elements have been computed with 
great accuracy on the hypothesis of its moving lu 
! VWuo» Its perturbations occasioned by the disturbing 
aotWiof the' planets have been determined, £nd after 
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eydry tiling tliat could influence its motion bad been 
duly consideied, M. Encke found that an acceleration 
of about two days on each revolution has taken place in 
its mean motion, precisely similar to that which would 
be occasioned by the resistance of an etlienol medium* 
And as it cannot be attributed to a cause like that 
which pioduces the acceleration of the moon, it must 
be concluded that the celestial bodies do not peiform 
their 1 evolutions in an absolute void, and that although 
the medium he too rare to have a sensible effect on the 
masses of the planets and satellites, it neveitludess has 
a considerable influence on so rare a body as a comet. 
Contradictory as it may seem, that the motion of a 
body should be accelerated by tlie resistance of an 
ethcnal medium, the truth becomes evident if it he 
considered that both planets and comets are retained m 
their orbits by two forces which exactly balance one 
another, namely, tho centrifugal force producing the 
velocity in the tangent, and the attraction of the gra- 
Yitatmg force directed to the centre of the sun* If one 
of these forces be diminished by any cause, the other 
will be proportionally in creased Now, the necessary 
effect of a resisting medium is to diminish the tangen- 
tial velocity, so that the balance is destroyed, gravity 
preponderates, tho body descends towards the sun tall 
equilibrium ib again restored between the two forces; 
and as it then describes a smaller orbit, it moves with 
increased velocity. Thus, the resistance of an ethenal 
medium actually accelerates the motion of a body, but 
as the resisting force is confined to the plane of the 
orbit, it has no influence whatever on the inclination of 
the orbit, or on the place of the nodes. The oilier 
comet belonging to our system, which returns to its 
perihelion after a period of Gj years, has been nccelei- 



382 hiela's on qaudabt^ oosrHT, sror. \xxr* 

ated in its motion by ft whole day during its lost revo* 
lution, which puts the existence of other nearly beyond a 
doubtj and forma a Btiong presumption in conoboration 
of the undulating theory of light The comot m question 
was diacoveied by M Biela at Jolmnnisboig on tho 
27tb of February, 1826, and ten days altciwaids it 
was seen by M Gam bar t at Marseilles, who com put oil 
its paiabolic elements, and found that they agiccd with 
those of the comets which had appeal ed in the ycaia 
1789 and 1795, whence he concluded them to bo tho 
same body moving m an ellipse, and accomplishing its 
evolution in 2460 days The poitui ballons of tide 
comet weie computed by M. Damoisoau, who pre- 
dicted that it would cross the piano of tho ecliptic on 
the 29th of Octobei, 1882, a little bofoio midnight, at 
a point nearly 18,484 milea within tho caith'B 01 bit; 
and be M. Olbers, of Bremen, in 1805, lml determined 
the ladius of tho comet's head to bo about 21,156 miles, 
it was evident that its nebulosity would envelope a 
portion of tlie eaith’a 01 bit, a chcumstmico which 
caused some alaun 111 Fiance, fiom the notion that if 
any disturbing cbubo had delayed the mnval of tho 
comet for one month, the earth must lmvo passed 
through its head, M, Aingo dispelled those foara 
by his excellent tieatise on comets in tho Anmtniio 
of 1832, where lie pioves, that as the enith would 
never be nearer the comot than 24,800,000 Biltish 
leagues, them could be no danger of collision. 

The eauli would fall to tlio sun m Gd^ days, if it worn 
Btruckby a comet with sufficient impetus to destroy its 
centrifugal foice. What the earth's piimitivo volo* 
city may have been it is impossible to say. Tliorofoio r> 
comet may have given it a shock without changing tho 
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axis of iota bon, but only destroying pai t of its tangential 
velocity, so as to diminish the size of the oibit, a 
tlnng by no means impossible, though highly impro- 
bable At all eventB, there is no pi oof of this having 
occuireil; and it is manifest that the qxib of the 
cnith'e lotation has not been changed, because, bb 
tlio other oftbis no sensible lasistancG to so dense a 
body as the earth, the hbiation would to this day 
bo evident m the vaiiabon it must Iiqyg occasioned m 
tlio ten es trial latitudes Supposing the nucleus of a 
comet to have a diameter only equal lo the fouith pait 
of llmt of the eaitli, and that its ponhelion is nearer to 
the Bun than wo aio oui selves, its oibit being othenvise 
unknown, M. Aiago has computed that die piobahility 
of the oartli lecemng a shock fiom it is only one m 
281 millions, and that the chance of oui coming m 
contact with its nebulosity is about ten 01 twelve times 
gicatei In genoial tlio substance of comets iB so 
lftio, that it is likoly they would not do much haim if 
tlioy iv oio to impingo , and evon then the mischief 
would probably he local, and the equilibrium soon 
lofltoiod, piOYidod t]io nucleus weie gaseous, or veiy 
small* It is, howoYOi, liioio probable that the caith 
would only be deflected a little fiom its couise by the 
nppioaoh of a comet, without being touched by it 
Tlio comets that have come neaieat to the eartli were 
that of the year 837, which remained four days widun 
loss llian 1,240,000 leagues fiom oui oibit, that of 
1770, which appioached within about six times tlio 
distance of the moon. Tlio colebuted comet of 1680 
also came vory neai to us ; and the comet whoso 
period is 6^ yeais was ton times noner the earth in 
180/5 than in 1832, when it caused bo muoh ahum. 
Comets m oi near tlioir poiJhelion movo witli pro- 
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digious velocity. That- of 1080 appears to have gone 
half round the sun in ton hours and a half, moving at 
the rate of 880,000 miles an hour. If its enormous 
centrifugal foice had ceased whon passing its perihelion, 
it would have fallen to tho buji in about llueo minutes, 
as it was then only I47>000 miles from his surface. So 
near tho sun, it would ho exposed to a heat 27,500 
times greater than that received hy tho earth ) ami as 
the sun’s heat is supposed to bo in proportion to llio 
intensity of Ins light, it is piohablo that a degree of 
heat so very lnteiiao would bo suHlcicnt to convoifc Into 
vapour every tonoatrlal substance with which wo «ro 
acquainted. At tho perihelion distance tho sun's 
diameter would be Been from tho comet under an anglo 
of 78°, so that the sun, viewed Aom tho comet, would 
nearly covor tho whole extent of Lha h caverns from tho 
horizon to tho aenith. As tills coinot Is prosumod to 
have a pcilod of 575 years, the rnnjoi axis of its 
orbit must bo so great, that nfc the aphelion tho sun's 
diameter would only subtend an anglo of about four- 
teen seconds, which is not so great as half tho diameter 
of Mars appears to ub whan In opposition. Tho sun 
would consequently impart no heat, bo that tho coinot 
would then bo oxposed to the tempornturo of tlio 
ethenal regions, which ib 58° below tho zero point of 
Fahrenheit. A body of such tonully ns tho comot, 
moving with auoh velocity, must have met with groat 
resistance from the dense atmoaphoro of tho sun, whilo 
paeaing so near his suifaco at It* perihelion, Tho con- 
tnAigal force must consaquoiuly have boon dlminishod, 
and the sun's attraction proportionally augmented, so 
that it must havo como nearer to tho sun In 1G80 than 
In its preceding revolution, and would subsequently do- 
scribe a smaller orbit. As tills diminution of its orbit 
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will be lepeated at each revolution, the comet wiU 
infallibly end by falling on the surface of the sun, 
unless its course bo changed by the disturbing influence 
of somo largo body In the unknown expanse of creation 
Oni ignorance of the actual density of the miffs 
atmospheie, of tho density of the comet, end of the 

period of its roYolutlon, rend eis it impossible to form 
any idea of the number of centuries which must elapse 
hflioio this oyent takes place 

But tills ia not the only comet thieatened with such 
a catastrophe , Enclfe's, and that discovcied by M 
Blda, are both slowly tending to the same fate. By 
the lesUtance of tho ether, they will perfoim each revo^ 
lotion nearer and neater to the sun, till at last they will 
be pieoipitfttod on his surface, The aatne cause may 
□IFoot the motions of the planets, and ultimately be the 
moans of dcstioying tho solar system, But, as Sir John 
Ilerschcl observes, they could hardly nil revolve in the 
samo illrectiou round the aun for bo many, agei without 
lmpresBing a corresponding motion on theothenal fluid, 
wliloh may preserve them from the accumulated effects 
of itB resigned, Should 'this material fluid revolve 
abput the buH like a vertex, it will accelerate the revo- 
Jutlbns iOf such com^tB as have direct motions, and 
retard those that have retrograde motions 

Though already bo well acquainted with the m ebons 
of comets, we know nothing of their physical consti- 
tution, A vast number, especially of teles oopic Comets, 
tiro only like clouds or mosses of vapour, often with- 
out tails, Smsh were the cometa which appeared in the 
yoars 1790, 1797, and 1798 The head commonly 
consist* of a mass of light) hk,a a planet surrounded by 
a voty transparent atmosphere, and the whole, viewed 
with a loloacopo, is so diaphanous, that Hip smallest 
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star ran y bo soon oven through dm dtn*«it part gf ihe 
nuglous \ Jn gonoral their iiioa***, when they have in jr* 
aiq go lninuto, Uint they luvo uo wiuihle dlmitricr, like 
that of tho comol of I till, which appeared to Kir Ww. 
Ucrsohol like n luminous point in ihn middle nf (hi 
nebulous nmltor. Tim nuclei, which mx\n lo be formal 
of die denser utinta of that nebulous malic r In mic ex** 
sivo ooadngn, tuu oflen ul great msgiiiimlt* Tho*** of 
tho comow which csiuu to the sun hi (he yeim l?9f) 
and 1807 hail nuclei whou; difuimiors mr*imrrd I8D 
ami 27 # leagues respectively, iml (hi sciaml toroel vt 
18U had a nucleus 1350 leagues In diameter. 

Tho nab^jdoiily Immediately round (lie nucleus la m 
dlaphonous Uiat it gives little light , but al a small dis- 
tance tho nebulous matter become* suddenly brilliant, 
SO M to look llko & bright ring round tho body. Koine- 
times Utoro arc m many os two or Uipw af the** tuml* 
nous conoontiio rings separated by dark iiilrrvmix, hat 
they nro gonorally Incomplete on Ota part otnti die uOL 
Xu tile coined of 18 U, tho luminous ring wm 1)1,400 
taaguos thlak, and the distance between lia Interior sur* 
face ami dm centre of tho nucleus wm 14,880 Itogue* 
Tho, thickness of thusa bright diaphanous floatings Hi 
tho f ooniots of 1807 snd 17flU worn 14*880 and yfyifl 
longuos rospoctlvoly. Tho transit of a oomot ovar lb* 
Bun would sflbrd llio host Inforroidcm with regard to 
tho naturo of the nuclei. U was computed (Jut mob 
an oYcnt wm to take plaao In tho yosr 1847; unJfcr* 
tunatoly tho sun was hid by clouds from tho DriUsh 
astronomers, but It wm wsmlnod it VJrtsn sod ti 
Minwldos, at tho Umo tlio oomot roust hife been pfOu 
on lu disc* but no spot or oloud wo* to bo mo, 
tEho tails of cojnau pwwwd from tb» bwui in tw* 
auokfts of light* spmowhst Uko that of tho sururt* 
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These in most oases unite at a gieater 01 less distance 
from the nucleus, and aie generally situate in the planes 
of their 01 bits Thoy follow the comets in then de- 
scent to wauls tho sun, hut piocedc ihom in then loturn 
with a small degree of ciuvatme, piobahly owing to 
the icsistance of the etlici, but their oxtont and foim 
vanes accoiding to the positions of then mbits with 
regard to the ecliptic In some crbcs, the tall has been 
at right angles to tho line joining tho sun and comet 
They aie gencially of cnoimoua lengths, — the comot of 
1811 had a tail no less than 34 millions of leagues in 
length, and those winch appeared in the yearn l6l8, 
1680, and 176ft had tnils which extended j^pcctivoly 
over 104, f)0, and Q7 degrees of space Consequently, 
when the beads of these comets weie set, a poition of 
the extiemity of then tails was still in the zenith. 
Sometimes the tail is divided into bcyohiI bianclicB, like 
the comet of 1744, which had six, separated by dark 
intervals, each of them about 4° bioad, and from 30° 
to 44° long. Tho tails do not attain their full magni- 
tude till die comet has left the sun. When these bo- 
dies fhst appear, they resemble round' Aims of vapour 
with little or no tail. As they approach the sun, they 
increase in brilliancy, and theii tail in length, till they 
are lost in his fays ; and it is not till they omoige fiom 
the sun’s more vivid light that they assumo their full 
splendour, Thoy then gradually decieaso by the same 
degrees , their tails diminish and disappear noarly or 
altogether befoie the comet is boy on d tho sphere of 
telescopic vision Marty comets have no tails, as, for 
cxamplo, Enoko’fl comet and that discovered by M. 
Blela, both of which aio small and insignificant objects 
Tho comets which appealed in the yeais 1585, 17^3, 
and 1682, wero also without toils, though tho latter la 
o o 2 
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locordod to have Iw’on m bright a* Jupifrr. 1 hr null*? 
of the tnil mini bo extremely buoyant In jirrcrde a l*>dy 
moving with mich velocity; iuilwl ilir rapidity nf lu 
ascent etui only bo ncemmiril for liy llio frrwnf lnai »f 
tho mu. Immediately after the gr^m rmnrt of IfuUI 
had jmisod it* prillirlniii, In inll wm vn.rMXi.oon 
lemguofl Jn length, ami u tu prujreiid Iruiri the r^iurtt 
head In tho alimt apace of two days, A body of *orb 
oxlromo tenuity ah n <nmcl U mint HMy hiraptfUi of 
nil attraction powerful enough to rrnill malUr *rnl to 
Btioh an onoimoun distance j It 1% ihrirfiur, In all pno 
1 lability, sen tim'd in ap/trr, wltirli may icrnunl it# I In* 
rapid deciomm obwrYcd In elm talk of cumrU nrry 
llmo they rolurn to thrir perihelia. 

It U remarkable lint, although thr tula of tofuru Im- 
erdMO in length m they ipproaeh thdr pfrilHdk, ihvw 
Ib roaion to boHovo that (he rtal diameter of tlm md*** 
Ions mnttor, oi tiucloui, contract* on earning m w Uut 
Aim, mnl expand* rapidly on leaving him, llrtelm* 
/Irflt absolved tills phenomenon, whlrh IjkIA 
lu* exhibited iu a very extraordinary ilegrre On ll* 
S8ih of OoLober, IfiSH, thin comet wa* aUmt ihn# 
ilmos as fir Horn tlm iuii u Jt wm mi the gwh of 
December, yet ql lIio Ant data lu Hppittm dUmtftor 
■wu twonty-flvo llinei grwlor Umn el the atwwd, the 
dooroatw bring piograodvc. M. Vali aiulUu** 0* rlr* 
eumitanco to a real oondonwilon of volmtir f rem ih* 
prouiira of tlio othorial mwllum, which Inmiw im 
rapidly in donilty toward* tho lurfau of llw «ut, uaA 
form* an axtemlvo atmoiphoro utnuul him. Hit Joho 
Ilorwhal^ on tho contrary, eonJ*t?uir* thil li my bo 
v <Wloff to tho alternate wuwilon of ffVflpmtbl# rtmtob 
In tho upper region* of * irtnipanom aunoapHero 
into tbo itatoi Of viilblo dead *nd Jnrtrfhlo gw by iW 
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efFoctB of boat and cold, Not only the lade, but the 
nebulous pait of comets diminishes oyeiy time they ie- 
turn to their penhelia , after irequent returns they 
ought to lose it altogether, and present tlic appeal ance 
of a fixed nucleus this ought to happen booiici to -co- 
mots ol shoit pciiods M, de la Place supposes that 
the couict of 1682 must bo approaching rapidly to that 
state Should the substances be altogether 01 oven to 
a gicafc dcgice, evaporated, tho comet would ch&appear 
for ovei, PoBBibly comets may have vanished fiom our 
view soonoi than they would otheiwise have done from 
tins cause 

In thoso positions of comets, wheie only half of then 
enlightened hcmispheio could he seen if they shino by 
roflocted light, they ought to exhibit phases, hut even 
With high magnifying poweis none have been detected, 
though some blight indications aie said to have been 
once obscivcd by Ilcvelius and La line in 1682 In 
genciftl, tho light of comets is dull, — that of die comet 
of 1811 was only equal to the tenth pait of the light of 
tho full moon, but some have been bnlliaiit enough to 
bo Yisiblo In full daylight, especially tho comet of 1744, 
which was scon without a telescope atone o'clock m the 
afternoon, while the sun was shining Hence it may bo 
infened that, although some comets may bo altogether 
diaphanous, others seem to possess a solid mass lesem- 
bhng a planob But whether they shine by their own or 
by reflected light has never been satisfactorily made out 
till now Even if tho light of a comot were polansed, 
it would not afford a decisive test, Biuce a body is 
capablo of leflecting light, though it Bhmefl by its own 
M. Arago, howevoi, lias, with gieat ingenuity, dis- 
oOYQied a method of ascertaining this point, inde- 
pendent both of phases and polarisation 
oo d 
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Since tlie mys of light divergo from a luminous point, 
they will bo scatteicil over a gi cater space as the distance 
increases, so that the intensity of tho light on a scioon 
two feet from the object, la foui times less than at tho 
distance of one foot , thico feet fioin 1 tho object it 1 b 
mne Utnea leas, and so on, deoicosmg in intensity as tho 
square of the distance increases, As a self-luminous 
a ui face consists of on Infinite nuvnbci of luminous 
points, it is clear thatj the greatoi tho extent oi siufacOj 
the more intense will bo the light; whcnco it may bo 
concluded that the illuminating power of such a sin face 
is prop oi tional to its extent, and decicasca inveiaely oa 
the equate of the distance. Notwithstanding this, a solf- 
luminous surface, plane oi ouivod, flowed tlnough a 
hole in a plate of metal, is of the Bamo bullmnoy at all 
possible distances as long as it subtends a scnslbla 
angle, because, as the distance inm oases, a gicator por- 
tion comes into view, and as tlm augmentation of smfaco 
is as the squaie of the diamotei of tho part soon through 
the hole, it mci eases as the squaie of tho distance, 
Hence, though tlie mimfaei of lays fiom any one point 
Of the surface which pa*s tlnough tho hole docioaso in- 
versely as tire equine of the distance, yot, as tho extent 
of surface which comes into view inci oases also in that 
ratio, the brightness of theobjoct is tho same to tho eye 
as long as it has a sensible diamotei, For oxamplo^-* 
Uranus is about nineteen times faithei from tho bud 
than we are, so that the sup, seen from that planot, 
must appeal like a star with a diameter of a hundred, 
waonds, and must havo tho earpe brilliancy to the in* 
habitant, that he would have to us if viewed through 
a uuall circular hole having a diameter of a hundred 
swondii For it is obvious, that light gomes from every 
point of the sup’s surface to Uianu8> whereas a vary 
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small portion of lus disc is visible through the hole , B o 
that H e\tent of suiface exactly compensates distance. 
Since, then, the visibility of a self-Juramoua object does 
not depend upon the angle it Bub tends aa long aa it is 
of sensible magnitude, if a comet shines by its onn, 
light, it should lctam its brilliancy as long as its dia- 
inetm is of a sensible magnitude ; and even after it lias 
lost an appnront diameter, it ought, liko the fixed stais, 
to ho visible, and should only vanish in consequence of 
extiomo lemotenesB, That, however, ib f«T from being 
the case — comets gradually become dim as their dis- 
tance increases, and vanish meiely from loss of light, 
while they still rotain a sensible diameter, which is 
pioved by obseivatione made the evening befoie they 
disappear. It may, tliciefoie, bo concluded, that comets 
Bhlne by 1 eilcctiiig tho sun's light. The most brilliant 
comets have hitherto ceasod to be visible when about 
flvo times as fai fiom the sun a* we aie Most of the 
comets that liavo been vimble from the earth have their 
perihelia within the oibit of Mars, because they are 
invisible when as distant as the orbit of Saturn * on that 
account there is not one on record whose perihelion is 
Bltuatu beyond the orbit of Jupiter, Indeed, the comet 
of 17^6, aftoi its lost appearance, remained five whole 
yonis within the ellipse descnbod by Saturn without 
being once seen. A bundled and forty comets have 
appoared within tho earth's orbit duung the last century 
Uiat have not again been seen If a thousand years 
bo ollowcd as the average penod of each, it may be 
computed, by tho theory of probabilities, that the whole 
number whioh range within the eaith’s orbit < must be 
1400 , but Uranus being about nineteen times moie 
distant, theio may be no less than 11^200,000 comets 
that come within the known extent of our system. M, 
o o 4 
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Aingo make* a illffljront caiimiUp Iip eunahlrra ill <1* si 
thirty conrwLi ire known to Jin va Uinr jwilipNon illaUnaa 
within tho orbit of Mercury, if it bo awnmnl that emtuu 
«ro uniformly dUtribulrd in space, iJip iimuUr Imiug 
tholr poll hoi ion wllltin the orbit of I'Mhun imi*i k to 
thlity aj the aulK 1 of the radlm of the mhli of ( nnui 
to llio cube oi thu I Alii US Ilf (ho arhli of Mcr«ur\, «hUh 
mnkw the nimilnu of cornel* amount in ’> ?0 4 170* 
Uut (lint mnnlH'r nwy Iw doubled If li l>r i^rwuhrcd 
that! In coiiH'ituciico of daylight, fi»gw, and grrjl 
southern derllnniion, one ooniei out rtf iwm inuti U hid 
from us, According (u M A ruga, mure than wcr*n 
million# of oomeli frequent ilia jdaiirUry orbtK 
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Tirr u\rn s^hb — iurm NinrBrRa. — 1 arnrAnoH op treie 

DISTANCES AND JlAONirDDFa inoM Tiina TIGR1 — stir* 

lllAf HAW YAMSHLD — ■ NhW BTARC DOUBLE 81ARS — 

JUNAR\ AND MUINlfi: THFIR OR1UT9 AND PE- 
RIODS. *— OtlBITUAL AND PAEAT ACTIO MO1I0NB — ■ COLOUR 

PEOPEE MOTIONS OF NTEAL MOilONS OP ALr THE STAAfl 

0IUE11RS — NFIIUIAj Till IE NUMHI R AND TOEMa — 

DOlUIKil AND TTlfLAH NKBUf J?s * — ■NF1HJ LOUR BTUtS — FI ANB- 
TARY NEBur3 . — OONSflTUlION OF THE NtflUL^! AND FORCES 
WHICH MAINTAIN THEM DI6T1U0U1ION. — MBtSORBl S 

Great bb the numbei of comets appeals to be, it is 
absolutely no tlung when compared to the numboi of 
tho fixed atais About £000 only aro visible to tlio 
linked oyo , but when wc view the heavens with a 
tclescopo, tlicn number seems to bo limited only by the 
imperfection of the instrument, In one hour Sir 
William Ilohchel estimated that 50,000 stars passed 
tin o ugh the field of his telescope, in a zone of the 
heavens 2° in breadth. ThiB, however, was stated oa 
an instance of e\traonhnaiy crowding , but, on an 
average, the whole expanse of tho heavens must ex- 
hibit about a bundled millions of fixed stars within 
tho roach of telescopic vision 

The stars aio classed according to tlicir apparent 
brightness, and the places of the most remarkable of 
those visible to tho nakod. eye are ascertained with great 
precision, and formed into a catalogue, not only for the 
dotm mi nation of geographical positions by their occult- 
ations, but to servo as points of reference foi marking 
tho places of comets and other celestial phenomena. 



nr aram r or rnp *t in* 




«*<r 


TJio whole immlwr of atari rejrHterrd mnmiriu ut about 
13,000 or $10,000, The itUHnre af ihr fhr * \ tun U 
too great to admit of iWr »tliltailiiN| * ^inihlr df** ; 
bin, in nil probability, they «pbninl, mill muai 
certainly bo »o If gniviuUmi prr*<nki *lf ajia<* 4 which 
it may bo pretmnwl ir» ita rinr* Hit Jtdni l)rr*rbd 
bna rilOWH that Jl rXMniUfn the binary *Hr* 

With A Hue* tricwip** die *Ure U Vc a |*i|&i ti f 

light, their orrultailnm by dte irnmn arr ihmfor^ in* 
ntantAiirmiM. Thrir i winkling arb*** from mubUrn 
changm in Uir ictnciirc jKiwrr nf (h** *tr ( tthkh nm&\ 
noL Ik* ariulhlr IT they hid ib*c< I Ikr ilit phmn* Thu* 
wo can Idtrn nothing of Uw rrlatire diMintvi nf ik 
lUra from u« arid from tmr amukr by iln-ir apparent 
dUmoton. Thrir annual parallax king 
*howi that wo muat bo otw hundred mlUterw id mlllumi 
of mlloa a( Icait front Um nw&n. Many af ikm, 
hawovor, irnut bo vnitly more remote, for i*r two *ur# 
that appear cloao together, oop may U far ktymtd ilw 
oilier lit the drplli of apace 1 The light nf Hfrlu*, Wj , 
cording to lilt* olnrcrvaUwta or Wr John MvrarM, u 
8fl4 time* greater than that of a afar of lb* rixth mag. 
ultudo i If wt* iwppoae Uir [no in U* rwlly or the mw 
alto, ihdr rllitihm from u* rmt*i k in lb* ratio of 
37 '3 to l f bcoauao llglu dlndnUlwa a ik vqiure of lb* 
dliUinco of the luinlttouji body (urn*#**. 

Nothing fi Imown of the abariute magnitude of lb* 
lUod item, but (ho quantity of light rmfited by many 
of thorn ihnw* Uhl they tttiai b# much Urgtf than Ut* 
sun. Dt\ Woilaaton doUmnln*d the apprertfRute ratio 
whlolt tho light of a wax oandit brare te that of the nun, 
modni *ml itir*, by comparing thrir mp^hn Imagoa, 
n&moA from tmiU gka gtokw rtU*l with worwf, 
^vbaMo 4 oompartwn wu feUaWi«h»4 baiwont ihr qtuit* 



SCOT. XXXVI, ST ATI 8 THAT IlAVn VANISH HD, SQ5 

titles of light emitted by the celestial bodies themselves. 
By this method he found that the light of the sun is 
about twenty millions of millions of times greater than 
that of Sinus, the brightest and supposed to bo the 
nearest of tlie fixed stars If tlie paiallav of Sinus weie 
but half a second, its distance fiom the earth would be 
525,481 times the distance of the sun fiom the earth, 
and thcicfoie Smus, placed where tlie sun is, would 
appear to us to be 3 7 times as large as the sun, and 
would give 13 8 times more light. Many of the Axed 
elan must be infinitoly laiger than Sinus, 

Many stais have vanished fiom the heavens, the 
Btar 42 Virginia seems to be of this number, having 
been missed by Sir John IlciBchel on tlie Qth of May, 
1828, and not again found, though ho ficquonlly had 
occasion to observe that part of the heavens. Sometimes 
stais lmYO all at once appeared, shone with a bright 
light, and vaniBliod, Several instances of these tem- 
porary stars arc on lecoid, a lemarkable instance oc- 
cupied in the year 125, which is said to have induced 
Hipparchus to form the fhst catalogue of stars. An- 
other stai appeared suddenly near a Aquilie m tlie year 
389j which vanished after lomaimng for three weeks 
as bright as Venus. On the 10th of October, 1604, a 
brilliant star bmst forth in the constellation of Scipcn- 
taiius, which continued visibla for a year , and a moie 
recent case occurred in the yeai 1670, when a new star 
was disco veicd in U 10 head of the Swan, which, after 
boooming invisible, leappoared, and having undergone 
many variations in light vanished after two years, and 
lias never since been seen In 1672, a star ’was dis- 
covered in Cassiopeia, which rapidly inci eased m bright- 
ness till it even surpassed that of Jupiter; it then 
giadually diminished in splendour, and having oxlnbited 
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all dip variety of HnU ih*\ indicate ilir change of com* 
bullion, vaniihed altiowi timnlh* after iu tllrtrd'try 
without altering it* |mnilioii It u iinpo*<iMe I u imagine 
any thing mo rt? irtjrumduu* iIhm h runflagrtdmi tlm 
could bo Wnlble *1 *uch a rilqlinit* [l in, however, 

impcrtcnl I lint tlii« 1U1 may \w a\ mol i.trmlcd 

with (ho nun which ip|*aml m (In j«*m JJ I , r < 
19tlt There are probably many *Mn which Ah^riHUly 
vanlih atnl rcappur aiming rim imiuiiirrahlr* imririMm 
(Jilt upaitglr Mm lii'avrii*. (Jip jirrlml* nf thirteen have 
llrrmly Ihwfl pretty well Murfaimri HI jltr*' riip 
mail rotuirkfllde [« die *l*r Olnirnm hi the roHelUllari 
Cotun. It i|i]ieAni nlwut twelve (fun* in ilrvon ycun, 
and in of variable brightm-a*, NMW'rimti *pjK*riiig like 
I itar of the bcjkhhI magnitude , but M <Ium i wi alwiya 
ittila the iomo liwlro, uor doe* it incm-** nr diminish 
by tlio *amo tlagrttfi, According to Nnrl(u*< H did not 
appear at ill for four ye*ra, y lljdr* *1*4 *<mUbc* 
and leipprin every tUy*, and a my tdegnUr in* 
itincr of irrrltKllrlly )i ghru by fllr John Hmriml In (ho 
lUr Algol or fi Pirvti whirli la dracrfbml 4M retaining 
tho alxo of a «ur of die wwtid magnitude for two day* 
Hid fourteen Btcunriq j it riten atiddetily begin* to di. 
nriniah la iplandmir, ind Ih abmu thrr* haunt and i 
half U reduced to iho *1** of a «ur of the fourth iwg- 
ulUitla i It limit betfin* again to lucre**, and In throe 
hour* and & hair mere regain* It* uatul UHgloncia, 
going through all ihww rldMltmtaa In iwo day*, twenty 
hour*, and fony-tdght minuuw, The caw* of the 
variation* in moil of the periodical lUm La unknown, 
but, from the change* or Algol, 41, Cloudrioko ha* coo- 
JocVuiod that they may bo oocadoocd by the iwUulop 
of acorn opaque body, coming botwm tw and the *ur, 
and obimwtiag pan of IU Ugiiu Sir John 1M la 



BrOT XXXVI. DOUDLD BTAH0 397 

Struck xvi til the lugh degiee of actmty evinced by these 
changes in legions whole, <l but foi such evidences, wo 
might conclude all to be lifolcBs 11 IJe observes that our 
own sun lequucs nine times the penod of Algol to per- 
foim a levolutkm on Us own Hxia, while, on tho other 
hand, tho pci iodic time of an opaque 1 evolving body 
sufficiently Inige to produce a Bimilai tcmpoiaiy ob- 
Bcmation of the sun, seen fiom a fixed atai, would bo 
less than fourteen horns, 

Many thousands of etais that seoin to be only bnlhant 
points, when caiofully examined oio found to be in ie- 
ahty By stems of two or moie suns, some 1 evolving about 
a common centie, TJiese binaiy and multiple stars are 
oxtiomely remote, requiring the mostpoweiful telescopes 
to show them separately. The first catalogue ot double 
stats, in which then places and iclatiYo positions arc 
detoi mined, was accomplished by the talents and indus- 
try of Sn William Ilcrschel, to whom astronomy is in- 
debted foi bo many bnlhant discoveries, and with whom 
the idea of their combination in binary and multiple 
systems originated — an idoa completely established by 
hla own observations, and recently confirmed by those 
of Ins son, The motions of i evolution of many of tlioso 
stars round a common centre have been ascertained, and 
their periods determined with considerable accuracy. 
Borne have, since then first discovery, abeady accom- 
plished nearly a whole 1 evolution, and one, y Corona), 
is actually considerably advanced m its second poiiod 
These interesting systems thus present q species of si- 
dereal chronometer, by which the chronology of tho 
heavens will bo maiked out to futuio ages by epochs ot 
tholr own, liable to no fluctuations from such planetary 
disturbances as tako placo In our system 

In observing tile relative position of the stars of 4 
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binary lyilom, tbr dUwnrr l*-[*K*n ihrm, *m] 4t«o ibe 
angle of pouillon, llmt l*, tbr anglr nltirli l I k rnttUUm 
or n parallel to dm equator wakr* widi \\w |, t ^ joining 
thu two ilftMh me«MMrr«l< Hir dUfrrrhi > ^liu n of 
dm angle of portion *how* wlufhrr dm r*i git iu rt ^ 
move* from cn*t U* twwf ut ilk* rariirary , wb*ijirr Uw 
motion bo uniform or \arlablr* and it *lui [>nUu\ it U 
grorttoit or ImuL 1 lir iipupenr* of die dUum t« show 
whoilicr tin* two Mur* Hpimnuh Mr ixml* from mw 
Other. From ihrae the form jnul mturr i»f i\ H orlut irt 
determined. U ere ob«rnHuin )«rr<4tly nttutAU, four 
valurfl of dm angle of ponliioit ami uf Urn ittrrr«|*iruJhtj( 
dliumoM nt given qmc ha would he ta *«J*n 

dm form and position of tbr mnrr it^nU;| by d* 
revolving atari dill, however, arirre I; rtrr hifij****, 
Tlio accuracy of cieli teauli depend* upon wlting ib# 
moan of a great number of tit* U**i abwrauap*, mM 
eliminating error by mutual eompatWo. TbodUumyi 
botwocn dm alarm ire ao mlnut* that tb*y cannot be 
moiimod with dm umr arruraty <4 ih« of p^ 
litlon } therefore, to determine lb* orbit pf * mr |pde, 
pondcntly of dm distance, It in twvutrf u> 4-^omr. p 
tba mcrtt probable hypothec*, that the aura ai* uttyrtt 
to the law of gravitation, and ennarquetuly, that one of 
Urn two itafft revolve* In tn olUp* about Ut* odwr, wp* 
powd lo bo at rvit, diough hot rmccwiartly In t be fixm* 
A curvo la tliui coiutruoual grtphlwily by mnn* of 
tlio angle* of podtfon ind dm oormpomling tlmn of 
obaorvatlon, Tim angular ntodtta of the aun tra 
obtained by drtwlng uagonta to ihb cum u ttiud 
interval*, wlienw the apptrm dlaUitm, or ndfl **c> 
to^ Of dm revolving liar bwxmw bm far rich 
*ggl* Of tuition ; bttiuj*, by dm law* of riftpdaal 
moUoil, dteyi art a^uil to Uw *jtum rw* of tba appu 
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rent angulai velocities, Now that the angles of po- 
sition ostimatcd fiom a given line, and the coneBpond- 
nig distances of the two stars, aio known, another 
cuiyo may be drawn, winch will repicsont on paper the 
actual 01 bit of tho atar projected on the Yiaiblo srnface 
of the heavens, so that tho elliptical elements of tho 
tiue 01 bit and its position in space may be determined 
by a combined system of moasuiomcnts and comput- 
ation* But as tins mbit Iirb been obtained on the hypo- 
thesis that gravitation pievads in those distant legions, 
which could not be known a pi Ion , it must be com- 
pared with aB many obseivations as can be obtained, to 
asceuain how far the computed olhpao agrees xuth tho 
cuive actually des cubed by the star 

By tli is process Sn Jolm Ilprsche] has discoYCied 
tliat sevoial of these sy atoms of stars aro subject to tho 
same lawe of motion with out system of planets ho 
has determined the elements of their elliptical oxbita, 
and computed Clio periods ol their revolution. One of 
the stais of y Virginia revolves about the other in 629 
years , the periodic time of a- Coromc is 287 yeaia ; 
that of Castoi is 258 years, that of i Bootes is 1600 , 
that of 70 Ophiuci is ascertained by Piofessor Encke 
to be 80 years, and M. Bayaiy, who hAs the merit of 
having first determined the elliptical elements of tho 
oibit of a binary stai from observation, has shown that 
the i evolution of £ Urate 10 completed in 58 years. 
y Virginia consists of two stare of nearly the same 
magnitude They were so fnr apart in the beginning 
and middle of the laBt century, that they wero men- 
tioned by Bradley and marked in layer’s cataloguo as 
two distinct staia* Now, they aio so near to one an- 
other, that oven with good tclcBcopea they look like a 
single star somewhat elongated. A aeiloa of observe 
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cliona, alnce iho beginning rlic* j>nr*mr cmiu*j, h*i 
enabled flir John llcrwhcl fo lUrirradrw' ibe form uui 
poBlfioi! of (ho dlllpliMl orbit of flir rrvohhift *ur with 
extraordinary truth. Aernrdfrjfl (o Hfi tcmipuiu^ 
it must hove arrlvrd «l if* f*rjlwdi**ti r*i fhr JHth 
AugUBtofthoprofoiU ywr, 1K*H 11^ wind pnt^niky 
of tho two am™ mimt ihtf 1 lu** l*ru rtfrrmc, «ul it* 
apparent angular velocity mo jitMi lini if miy 
an nnglo of (ifl° hi a dug!* yrar f liwinuih*!* 

at (ho Cape of (fowl Iltip<\ h«l Mat, by hir Jdm 
Itcriehol, (ii well m lhww oX r«|*talu Nityih, II, \\ fej 
homo, comupoiiil In proving in rt-ngitirmnUm ot rr* 
locity m tho itar wa» approx bing iu *Im hu m dM4«# 
JVom Ita primary. Ily the Ii*a of rihptkd nviiu^, ifc| 
angular velocity of U10 revolving nur whm ikt* * udn- 
ally dimlrdilij Ull It oomr* to If* **»mv ,1(4 

ypan honoo. Tho uielllto Mr of r f V*r<#i o will «uaU 
lu porlhollon nboul 188J, mil tb*( of (‘i^r^kw 
in IftfA 

iL sometime* happena dial fhr *4p» ef lb* orbit *f 4 
icvoMngaiar Ji prrapnlwl m Uaw fifth, ** hi * jWtjmu* 
tnrll. Tlion (he itar win* la tttov* to a rtnJgfat bn#, 
and to owlilaio on Melt side of lu primary. Hv# nb. 
lorvationi iro ret]ulilto in tWt C4*r rW ihr d*t*mrtnv 
fltlort of 111 orblb provided they bo Afcnmbu A ultima 
Sir Wiliam IFottoho] olwTed 1 ho *7*4*01 bi 
tl\a two itiri wore diitincily nepum* 7 mx prvwtii, mw If 
w oomplofaiy prt\)eof«| on tb#t oth^r, ^ 
with liii groat Loiwoop*, otnmn tb» 

separation. On tho contrary, tho two w rf 5 drt**, 
whtoh appeared to Co ono In 0» Uiw vf Sr WitflM 1 
Horichoi, are now aep mtod. tyer* tbU 

ewihjf uirpardlax, it would bo ipunud, tram IV rata* 
Mon .of <tha OMih; Inu w yvm ,U?* Won lv 
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amounts to a sensible quantity, it con only arise i\om a 
real oibitual motion seen obliquely. Among tbe tuple 
stars, two of the stars of $ Canon 1 evolve about the 
thud It is remarked that, in geneial, the ellipses in 
wlucli tlio revolving stare of the binary bystems move, are 
much moie elongated than the orbits of the planets. Sir 
John Ilcrschel, 811 James South, and Professoi Stiuveof 
Doipat, have increased Sir William Ilei sohel’s ougmal 
catalogue of double stais to moio than 3000, of which 
thnty 01 forty are known to form revolving 01 binary 
systems, and Mi, Dunlop has formed a catalogue of 
$53 double Btaia m tlio sou them hemisphere. The 
motipn of Moicuiy is moie lapid than that of any other 
plane t, homg at tho iatc of 10 7, 000 miles an houi , 
tlio pcuhelion velocity of tlio comet of 1680 was no 
less than 880,000 miles an houi , but if the two atais 
of £ Uisic he as i emote fiom one anotliei as the neaieBt 
fixed stai is fiom tho sun, the velocity of the i evolving 
stars must exceed tho poweis of imagination, The dis- 
covery of the elliptical motion of the doublo etais ex- 
cites the highest intmest, since it shows that giavitation 
la not peculiar to our system of planet*, but thqt sys- 
tem* of suns m tlio far distant regions of tho umveiso 
are also obedient to it* laws. 

Possibly, among tho multitudes of small stars, 
whethci double oi insulated, some may bo found near 
onou ffh to exhibit distinot paiallactic motions, arising 
from tho revolution of tlio oarih in its orbit. Of two 
stare apparently in close approximation, ono may bo far 
behind the othor m spaco Thobe may scorn neai to 
ono another when viewed from the oaitli m ono part of 
Us orbit, but may separate widely when seen fiom the 
caith in anothoi position, just as two torrestml objects 
appoar to bo ono when viewed in tho samo straight lino, 

D D 
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but separate as the obacrvex changes his position. In 
this case the stall would not have leal, but only appa- 
rent, motion One of them would seem to oscillate 
annually to and fio in a straight lino on each sido of 
the other— a motion which could not ho mistaken for 
that of a binary system, whole ono star doacilljos an 
ellipse about the othor, or if tho odgo of tho mbit ho 
turned towards the eaitlij whoie tho oscillations require 
years foi their accomplishment Such parallax dooa 
not yet appear to have been irmda out, so that tho 
actual distance of the stais is still a mattoi of con- 
jecture 

The double stare aro of various hues, but moat fre- 
quently exhibit the contrasted colouis, Tho laigc Blur 
is generally yellow, mango, 01 led , and tho small star 
blue, purple, or green, Somo times a win to Btn r in 
combined with a blue or pui pie, and more laiely a iwl 
and white are united, In many ensos, those npjwar- 
ances aie due to the influence of contrast on 0111 judg- 
ment of colours Foi examplo, in observing it double 
star, where the large olio is a full luby rod, or almost 
blood coloui, and the email ono a lino green, tho latton 
loaeB its colour when tho foimcr Is hid by tho croifl 
wires of the telescope But there aro a vast number of 
instances where the colours are too strongly maikod to 
be merely imaginary. Sir John Hoi schcl obsoivos, in 
one of his papers in the Philosophical Transactions, aa 
a very remarkable fact, that, although red. atan aro 
common enough, no example of a solitary blue, groon, or 
purple one has yet been pioduoed, 

Besides revolutions about one another, Bomo of Uto 
binary systems are carried forward in space by a motion 
common to both stars, towards somo unknown point in 
the Armament. The two stars of 61 Cygni, which aro 
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noaily equal, and lmye lemained at tho distance of about 
from each othor fox fifty years, have chongcd tliear 
place in the heavens during that period, by 4*23", with 
a motiou which foi ages muBt appeal uniform and rec- 
tilineal beoauw), oven if the path he cmved, so small 
a poi tion of it, must appear a straight line to ua Mul- 
titudes of tho single stais ako have pioper motions, yet 
so minute, that that of p CaBBiopene, which is only 
3'' 74 annually, is tho greatest yet obsoivcd the cnoi- 
nioua distances of the stais make motions appear Bmall 
to us, which are in lcality very gieat. Sir William 
Ileiachol conceived that, among many mcgulaiities, the 
motions of tho stare have a general tendency towards a 
point diametrically opposite to that occupied by the star 
£ Ileiculis, which he attubuted to a motion ot the solai 
syBtom in the conti ary dnection, Should tine leally he 
the case, the stars, fiom tlie effects of perspective alone, 
would seem to diverge in the dnection to which we aro 
tending, and would apparently converge m the Hpace 
we leave, and there would be a regularity in these ap- 
paront motions which would in time be detected ; but 
if tho solar system and the whole of tho stais visible to 
us be carried forward in spaco by a motion common to 
all, like ships drifting in a cunont, it would be impos- 
sible foi us, moving with the rest, to aaccitain its 
dnection Thoro can be no doubt of the progressive 
motion of tho sun and many of the stars, but sidereal 
astionomy ib not far onough advanced to determine what 
l elation s theso bear to one another 

Tlie b tars aro scatteicd veiy inogularly over the 
firmament In eomo places tlioy aio ciowdod together, 
in others thinly disporsed A fow groups more closely 
condensed form yory beautiful objects oyoh to the naked 
oyo, of which tlie rioiades and tho constellation Coma 

D D £ 
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Uercmcoa aro the most striking examples j but tho 
greater number of those clusters of staia appear to un- 
assisted vision like thin white clouds or vapours . such 
is tho milky way, which, os Sir William IIorBohel has 
proved, derives its brightness fiom tho diffused light of 
the myriads of stars that form it. Moat of them are 
extremely small, on account of their onormous distances, 
and they aio bo numoious, that, according to lus esti- 
mation, no fower than 50,000 passed through tho Hold 
of his telescope in the comae of one hour in a /one 2° 
broad. Tina singular portion of the heavens, constitut- 
ing part of our firmament, consists of an ox tensive 
stratum of stars, whoso thickness ib small compared with 
ita length and breadth , tho oaitli is plaoed about mid- 
way between its two surfaces, near tho point whore it 
diverges into two branch™, Many clusters of stars 
appear like white clouds, or round comets without tails, 
cithoi to unassisted vision oi with ordinary telescopes , 
but, seen with poweiful instruments, Sir John Ilerschel 
describes thorn as conveying tho idea of a globular space 
filled full of stars insulated in tho heavens, and con- 
stituting a family or aocioty apart from the rest, subject 
only to its own internal laws. To attempt to count tho 
stars m one of these globular clusters, ho says, would 
bo a vain task, — that they aro not to ho reckoned by 
hundreds, — and, on a reugli computation, it appears 
that many clusters of this description miiBt contain ten 
or twenty thousand stare compacted and wedged together 
in a round space, whose area is not more than a tenth 
part of that covered by tho moon ; bo that its centre, 
whoro the stars aro seen projeoted on each othor, ia ono 
blare of light, 1 If each of these Btara be a sun, and if 
they bo separated by intervals equal to that which sopa- 
1 Noto S17. 
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rates oiu huh fiom tho nearest fixed star, tlie distance 
which renders the whole cluster barely visible to the 
naked eye must bo so great, that the existence of this 
splendid assemblage can only be known to us by light 
which must have left it at least a thousand yeara ago 
Occasionally these dusters are so irregular and so un- 
defined m their outline, as merely to Buggest the idea of 
a Ticher part of tho heavens They contain fewer stars 
than the globular dusters, and sometimes a red star 
forms a conspicuous object among them These Sii 
William Ilerschel regarded as the rudiment* of globular 
clusters m a less advanced state of condensation, but 
tonding to that foim by their mutual attraction 

Multitudes of nebulous spots are to he seen on tho 
dear vault of heaven which have every appeal anco of 
bomg clusters like those described, but are too distant to 
bo resolved into stars by the most excellent telescopes 
This nebulous matter exists in vast abundance m space 
No fewer than 2000 nebulee and clusters of stars were 
obseivod by Sir William Herschel, whose places have 
boon computed from hie observations, reduced to a 
common opoch, and arranged into a catalogue in order 
of right ascension by hie sister, Mias Caiohne Herschel, 
a lady bo justly eminent for astronomical knowledge and 
discovery. Six or Boven hundred nebul® have already 
boon ascertained m tho southern hemisphere , of theso 
the Magellanic cIoiuIh aro the most remarkable. The 
nature and use of this matter, scattered over the heavens 
in such a variety of forms, is involved in the greatest 
obscurity That it is a self-luminous, phosphorescent, 
material substance, in a highly dilated or gaseous state, 
but gradually subsiding by tho mutual gravitation of its 
particles into starB and sidereal systems, is the hypo- 
thesis most generally received- But the only way that 
DD 9 
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any real knowledge on ihi* myalerloim nulijiri jam U 1 
obtained, !a by die delorminalimi of thu form, plan*, 
and prcuout auteur each Jmli vlilunl nebula ; mid h tmn* 
IMrlnm of ilm** with fniure mIhm rvalmna will alum 
generation* to come, the rlimigr’* dial may imw )>r p<»mg 
on In Llww mippiimd rndhumii of 1 mi tire nyMrin* 
Willi l\iU vlow, Hlr John MinuM Ugmi u\ ibr )t*r 
l K^}/1 (lie ardiimi* mid pitm* u«k nt mUIii^ hi* iMu*» 
trlniiw fallur'* ohm nation*, width lie lliiulnd it whinrt 
I line heTme hr Millnl Jor (lie l &\h* nf ttiHwl Hupp, in 
order Id ilUelioH^ the myMtrlr* or the wiuilhiii liemt 
MpJirrr iiidn’d, niir flrmnnunl wthh M l>r r\h*uMel 
(HI rnrllier tmprumiu'iiu In llm uh*)l malde 

nlrononiiTK iu |Hiivirfttp ih^ejier into *\mc In a 
truly ipleiidld pajht rr*d before the liny td HiKiely on 
llio ‘ilitnl November, IKJffl, lie give* lb* \\Uct* of 
3MKI iiflKilm mid rlidteiH or alar* Of ihewr Mo htp 
n^w, lIip rr»l lin mrnllon* with iieculiar plnuurc ■« 
having Wn miMit muirMtly determined by hi* father. 
Till* work I* tin* niori* i MrAordhtnry, m, from Iwd 
wmthcr, fi^«, Uvillghl, mnl limmilighl, i1|m*c diadnwy 
appearance* arc iml vUlblr, im mi umi^, abmr thirty 
nlghu in Utr yr*r 

Tim ncbulio have great variety of form* \ am hhiU 
lUudot iro m faint ■« in br with difficulty dlncrnnl hi 
all till limy have been for *omc Umr In Urn Itrld of il w 
tclMcopr, or arc Jnat about lo quit It Mmiy prwni * 
largo UUlefWI aurftce, In which U l* difficult lo My 
wharo dm ornuro of Urn greatwi hrigliintaa U, homo 
cling to ilan Ilka wlipa of aloud ; oilirr* exhibit Urn 
wonderful appearance of in euormou* flat ring anm 
tliry obliquely , with a louUcular vacancy In i ho omim* 1 
A very wmarkiWo Imunco of an annular natal* U to 
i Kan at t 
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bo boor Qxactly half-way Ijetwccn ft and y Lyirc It is 
elliptical m tlio ratio of 4 to % ls'shaiply defined, the 
internal opening occupying about half the diameter. 
This opening is not cntncly dark, but filled up with a 
faint ha*y light, aptly compared by Sii John Ilcrscliel 
to fine gau/c stretched over a hoop. 1 Two me dosenbed 
as moat amazing objects — One like a dumb-bell or 
liom -glass of bright mattoi, eunounded by a thin hazy 
atmosphaie, bo ab to givo the whole an oval form, or 
the appeal anco of an oblate sphenoid This phenomenon 
beaiB no lesemblance to any known olpcct 2 The othoi 
consists of a bright roimd nucleus, auuounded at a dis- 
tance by a nebulous nng split tluougli half its circum- 
ference, and lmvmg the split poi lions separated at an 
angle of dfi° each to the piano of the othoi* Tins ne- 
bula horn s a strong similitude to tho milky way, and 
suggested to Sir John Iloischol the idea of a fc bi other 
system bearing a real physical resemblance and strong 
analogy of atiuctmo to our own "a It appeal b that 
double nobulce are not un frequent, exhibiting all the 
varieties of distance, position, and relative brightness 
with their counterparts the double stars. The ramy of 
singlo ncbuleo as lmge, faint, and as little condensed in 
tho con tic as these, makes it oxticmcly improbable that 
two inch bodiCB should bo accidentally so near aa to 
touch, and often m part to oveil&p each othor as tlicso 
do. It Is much moie likely that they constitute sys- 
tems ; ami If so, it will form an nucleating subject of 
fiituro ouqniiy to discover whethei they pousesB oibitiml 
moli oiu 

Stellar nebula form another class. These have a 
round or oval Bhapc, inci casing in density towaulB the 
centic SometitnoB tho matter is so lapidly condensed 

l Nolo fllD » Nolo WO * Nolo 251 
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M to give the whole (ho appcmnre of ft *Ur with & 
blur, or Hko a cumllo ihining through horn. In »nme 
JniUmoofl the central mallrr in « highly and ■udilemly 
coiulouicd, to vivid and nharply iM1n«l, chut dm nrbuU 
might bo taken Tor n bright star jurrmindnl by a dun 
atmosphere. Hucli «re nebulous *ur« '[hr rudUnd 

light, or lonllculftr-fthftjKHl nimiMphtrr of ihc mn, wlddi 
may bo ai*cii r\u ruling Iwyond the orblu of Mcrrury 
and Venus kiwh afur am wet in dm months of A pHI 
nml Alny, la suppimed in lw ft com Un Mil on of iIk* cthr 
roftl medium by bin Atrrucllvn force, and amua to place 
our tun among (he claa* of aicllar nebula? The *i*U 
Inr nolmlrc nnd nebulmi* tUra omuiiip all dpgmr* of *\+ 
liptlcily. Not linfroqutmdy Hmy are long and narrow, 
Hko a iplmllo-ibapcd ray, with ft bright nucleus In tho 
centred Tito lat olm mentioned by Blr John Mmrhel 
are tho planetary nobulio. Thoae bodies hare outedy 
tlio npponmnee of pianola, with wwlUly round or oral 
discs, lomoihnoH sharply terminated, at other time* huy 
and Jit defined. Theli aurfliro, which li bluo or btuldu 
whJtOj is equable nr dighdy niniilod, wild lliHr light 
occasionally rivals llifU of (1m planets in vlvidne**, They 
are generally attended liy minute aiars, which glm tho 
Idea of accompanying wLcllllwi. These n dm lie arc of 
onormoua dimentlons* One of them, near > Aijuarif, 
hai a aeniihlo diameter of About SO", and anadirr pnu 
lent* a diamolor of Ifl". Sir John llemhel haa «mi* 
puled that, if those olJoeLi Ikj m far from o« a* dm 
lUr*, their ml magnitude, on the lowcct onJm*Uon t 
nbuit bo such at woidd dll tho orbit of Urania, Ha 
oonoludoi that, if they bo lolid bodlw of a to Ur mince* 
thbiu Jntrfdfttc iplondour muit bo gnrttly inferior to that 
oftta urn, taroauM a circular portion of the wn’a dUe, 
l Kotettt 
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subtending an angle of 20", would give a light equal to 
that of a lmndied full moons, while, on the contraiy, the 
objects in question are hardly, if at all, visible to the 
naked oyc Fiom the uniformity of the discs of the 
planetary nebulae, and then want of apparent condens- 
ation, ho presumes that they may be hollow shells, 
only omitting light from their sui faces. 

Tho existence of ovoiy degree of elhpbcity in the 
nebul® — ‘from long lenticular rays to the exact circular 
form, — and of every shade of central condensation — 
from the all ghost increase of density to apparently a 
solid nucleus,-*- may be accounted for by supposing the 
general constitution of these nebulee to be that of ob- 
late spheroidal masses of every degree of flatness, from 
tho sphere to the disc, and of every variety in their den- 
sity and elhptioity towards the centre It would bo 
erroneous however to imagine, that the forms of these 
systems aro maintained by forces identical with thoBO 
already described, which determine the form of a fluid 
mass in rotation ; because, if the nebulm be only clus- 
ters of separate stars, as in the greater number of cases 
tlieie is every reason to believe them to be, no pressure 
can bo propagated through them. Consequently, since 
ilo goneral rotation of such a system as one mass can be 
supposed, it may be conceived to be a quiescent form, 
comprising within its limits an indefinite multitude of 
stars, each of which may be moving in an orbit about 
the common centre of tha whole, in virtue of ft law of 
internal gravitation resulting from the compound gra- 
vitation of all its parts Sir John nerschel has proved 
that tho existence of such a system is not inconsistent 
with tho law of gravitation under certain conditions 
Tho dlBhlbuUon of the nobulee over the heavcnB 1 b 
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oven more Irregular ihut dial or the nUr* In nnni 
places they are to crowded Logi tiler ** aeantly lo 
ono to paw through the Held of die iHtarufw \ 4 Ut 1 r 
anothor appear*, while in iillnr part* hour* rUj*< *• Mli 
out a tingle nebula ocuirrhy. I hry *v v In 
only lo bo *eni with the wry Ikui IiIimoj**, and *n 
matt abundant In a /one whose gnu ral dirn turn i* n<* 
far from tin* Ilnur ilnle* (I* 1 and IV* 1 , und xhhh 
the milky uny marly at right anglt* W her* dial j^w* 
okinmom the mini id la lion* Virgo, ( nm* lUipuhsi, jinl 
the them Hoar, they an* In la lunnd hi inultiiuihi 

H11H1 U a brief amumt of tin ilfatmirlm <onulned 
m Hir Juhti 1 1 omrlirl'ii paper, width, fur mildlinity of 
rlewt and patient luvesllgaUtm, ha* not Irttti *urjw»-nl 
To hint nml to HIr William Iler*th*l wo owr nhnt^i jdl 
that li known of tldonml Miron tuny ; nml In the itntnh 
nblo works of dint highly gifted ffcllwir and wa, \\w 
render will Hud thi* miljeot treated of In a rtyla 
altogether worthy of It, and of them. 

Hu luinierniiM nrr the obJrrU whirl) mm mir flow in 
the henum*, that wo tmmnt Ituagnn a pail of *|M4e 
wltoro some light would not Mrlkr ihr rye, iiiumt^r 
able alar*, thousand* of ilmihli and nmliiph in 
duster* In ona hi pup with dieir u tin of dum*iml- *-f 
■ten, and the nehul® *m*<lng us liy the timfitu'in &* of 
their form* and the liirdinprehenslhlllly of 1 M 1 naiurr, 
till at lost, from lha limit of our h**, etim Ihw ildn 
mid airy phantom* vanish In the disutift, if *<*h 
remote bodies slump by relloetrd light, w* should k* 
UttWnioloua of their existent*. Ktch star rou»t dwtt U» 
A sun, and may ho presumed to have It* lyaum of 
plineUj iatolllLo*! and mimu, like mir own; and, f* 
might wo knoflr, myriadi of bodies may \m wa/uWiog la 
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space unseen by us, of whose nature wo can form no 
idea, and blill leas of the part they perform in the eco- 
nomy of the univeiso Noi is tins an unwarranted 
pi GBUinption , many auch do come within the spheie of 
the oai til's attraction, are ignited by the velocity with 
winch they pass thiough the atmospheie, and aie pre- 
cipitated with gioat violence on the eaith The fall of 
moteouc stones ib much moie frequent than is geneially 
believed Haully a year passes without some instances 
ocomring, and if it be consideied that only a small pait 
of the earth is inhabited, it may be piesumed that 
numbcis fall in the ocean, or on the uninhabited part of 
tho land, unseen by man They aie some fames of great 
mngnitiulo, tho voluino of soveial has exceeded that of 
tho planet Ccics, which is about 70 nnlea m diameter 
One which passed within 25 miles of ub wag estimated 
to weigh about (500,000 tons, and to move with a 
velocity of about 20 miles in a second, — a fragment of 
It alone leached tho eai tin The obliquity of the descent 
of meteorites, tho peculiar substances they aie composed 
of, and tho oxplosion accompanying their fall, show 
that they aro foreign to oui system Luminous spots, 
altogether independent of tho phases, have occasion Edly 
appealed on the daih pait of the moon, these have 
been] nsenbod to the light aiming fiom the eruption of 
voloanos , whence it has been supposed that meteorites 
lmvo been projected fiom the moon by the impotus of 
volcanic oiuption It has o\en been computed, that if 
a stono woio projected from the moon m a vertical line, 
with an initial velocity of 10, 99$ feet in a Becond, — 
moio than four times the velocity of a hall when first 
dischaigod iiom a cannon, — -instead of falling hack to 
Lho moon by the attraction of gravity, it would come 
witlim Lho sphorc of tho earth's nttiaction, and revolve 
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about It Hkr « Tlum* bwllri, lm|*)M rilbrr 

by tho tllrtvlion of 1I10 priiulmr Impul**, ar by fbr rll^ 
turbing irtion of ilm mm, ntiglu ulifnmiiHy |*n>rfr^f«« 
tile cmrtli'n fltmD#])lirrr, «ml nrrlvr «i lu Mirier llyu 
from wli*l<?vpr wmrrp nu r#^*rS« *i*n\f* may ruiur, ii 
atfenui highly |»rnlNtl»lr iIial Hu y a mmnnm utip\n 4 
from iltr unlfnrmliy w r may aliniwi *ij htrnuij - 
of ihcir clu mil'll Mmipu*iUun. 
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SECTION XXXVII. 

mrtuaioN op hatitr through erA 01 gravitation — > 
us yltociiy — anrriicirY op its law — a ilayitaxion 

IND> TEND1 NT Ol TU> MAGNITUDE AND DIBTANOLB OP Tin 
BOBIRS. — NOT IMPJDFD BY THE INTERVENTION Or ANY 
HOBflriANGE. — ns INriNSITY INVARIABLE — - GENERAL DAWS 
UFOAPlrUf A1I0N AND CONOI USlON 

Tun known quanLity of mattor boars a very small pro- 
portion to the immonsuy of space, Lai go as the bodies 
arc, tho distances winch sepai ato them are immeasurably 
gioatorj but as design is manifest in cvciy part of 
creation, it is piobable, that if the various systems m 
thoimiveisQ had been neaior to ono anothci, their mutual 
diatui bailees would Iiqyo been inconsistent with the 
liaimony and stability of the whole. It is clear that 
apace is not poivadcd by atmosplieno air, since it* re- 
sistance would, long 01 e this, have destroyed the velo- 
city of the planets, neither can we affirm it to he a 
void, since it seems to be replete with other, and tiaversed 
in all directions by light, heat, giavitatlon, and posBibly 
by influences whereof we can form no idea. 

Wliatevoi the laws may bo that obtain m the more 
distant regions of creation, wo ore assured that ono 
alono rogulatcs the motions, not only of our own system, 
hut also tile binary systems of the fixed stare , and as 
general laws form tho ultimato object of philosophical 
resoaTch, we cannot conclude those remarks without 
considering tho naturo of gravitation — that oxtraor- 
dinruy powci, whose effbets wo have boon ondeavourmg 
to traco through some of their masses. It was at ono 
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lime imagined Uui the ncetdr ration Mi thr immn t inrm 
mollon wi» OccMlonCfl by thr «uc»**d*p </ 4 it»mK*nMi n{ 
tho gravitating force, It lin« l*rn pmrnl. that in 
ordor Ui produce tlih ofIM. h« vihKiiy itiu«i 1*r il^ou i 
fifty nilllloiii of time* grr4ti»r tli*i» ilui nf whiiii 
filofl At l|lP rale of VtHMUHt IlMIra in A kntilHl 
action, even at tin dl«Ume nT dm *hii. mmji ihrmlWr 
l)o icgnrdcd nn iinihmunniiH, yi t tiW»'U atr ihi 
m’Rrcal of (Vie fhrd "Ur*, iIm! It m*> !«* 
whether the riiii Jinn in* Mishin luflurme on ilnm 
'Dip curW’N in ttblrli the irlr'llaJ l*nltti mats by 
tile force nf ^r»vi i Allmi am only flnr* nf ihr irr^ul 
order. 'Hip attraction of *jdten*hU. *r< <tfi!ing Us ant 
other law of force than tlmt of guMiiUrt), *muM Ik 
much inoro coinpHcaleil ; and m li h cny i* jnmr 
lh»t matter might lurr been moved icronJIoit i*» *n In 
finite variety of lawn, It may ho pomdoded t it«i grjvn 
Atlon muki have been fleeted by Divine Wtahun ooi 
of an Inllnfly of oilier*, tu Mng (hr rtwi *MripK *nd 
that which give* Mm grratnii liability to rim 
motloni, 

It !■ a ainguUr result nl the *jni|dtrlfy nf (hr Uws nf 
nAturo» which admit only nf the ntuervathtn ami unt< 
pariion of ratloi, that Um gravitation and ibeory nf ib* 
motions of the celMiial bod It* ire Jndejwmlem t*f ihefr 
abioluto magnitude* and dUunrt*. tW*e<fn*mIy 4 If 
all tho bodies of the wUr ayatefo. ihrir inoiud df*- 
tanccHj and Lholr voldfllUca, watt ia diminish 
tlonally, tlioy would dmcrUm curve* In ill ir*pr^ 
tlmllAr to thOio In whloli they mm nuw « ami a* 
iJiWm might bo memdrriy rt*1ue*l m the *m4W 
KqMlblo dlmcnaio™, ind mil pxUMi dm **w* 

Wo torn by tncperterw Urn a **fy <UNto*t 
law of ittrioUon pwilli when th« ptnltdn #r mum 
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aie placed within innppieoiable distances from each 
othci, ns m chemical and capillniy attraction and the 
attraction of cohoaion Wliothci it bo a modification of 
giavity, oi tli at some now and unknown power comes 
into action, does not appear. But aa a change m the 
law of the force takes place at one end of the scale, it 
is possible that gravitation may not remain the same 
throughout cvciy pait of space Pei haps the day may 
Como, when even graYitatiou, no longer legal dec! a 8 an 
ultimate pnnoiplc, may be lesolved into a yet moio 
gcnoial cause, embracing ovciy law that legulates tho 
matcual world. 

Tho action of tho gravitating force is not impeded 
by tho intci vcntion even of the densest substances, If 
tho atti action of tho aim for the con tie of the earth, 
and of tho hemisphere diametrically opposite to him, 
weie diminished by a difficulty m penetrating the in- 
terposed matter the tides would be more obviously 
affected Its attraction is the same also, whatevei the 
substances of the celestial bodies may be , for if the 
action of the sun upon the earth diffbred by a millionth 
part from his action upon the moon, the difference 
would occasion a penodical vaiiation In the moon's 
paiallax, whose maximum would be the of a second, 
and also a variation in her longitude amounting to 
sovoral seconds , a supposition proved to be impossible, 
by the agreement of theory witlT observation. Thus 
all matter is pervious to giavitation, and is equally 
attracted by ib 

As far as human knowledge extends, the intensity of 
gravitation has never varied within the limits of the 
solai system, nor docs oven analogy lead, us to expect 
that It should ♦ on the contrary, tlioie is evoiy icason 
to bo assured that the groat laws of the universe aro 
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immutable., like tlieir Authoi. Not only tlio sun and 
planets, but the minutest particles, in all tho vanotlcfl 
of their attractions and repulsions, — nay, even tho im- 
ponderable matter of the^elcotnc, galvanic, or magnetic 
fluid,— are all obedient to pennanent laws, though we 
may not be able in every case to resolve then pheno- 
mena into general pi maples* Noi can wc suppose the 
structure of the globe alone to be exempt fiom tho 
universal fiat, though age? may pass bofoie the changes 
it has undeigone, or that aie now m piogiess, can be 
referred to existing causes with the same ccitnmty 
with which tlie motions of tho planets, and all thou 
periodic and secular variations, arc lefcrablo to tho law 
of gravitation. The traces of extromo antiquity poi- 
petoally occurring to the geologist, givo that infoimatioh 
aB to the origin of tilings, in vain looked foi In the 
other parts of the universe They date the beginning 
of time with regard to our system , since Uioio is 
ground to believe that tho formation of tho emth was 
contempoi aneous with that of tho lest of tho planets; 
hut they show that mention is the woih of film with 
whom ff a thousand years areasono day, and ono day as 
a thousand years ,f 

In the work now brought to a conclusion, it 1ms 
been necessary to select from the wholo circle of tho 
amende* a few of the mtat obvious of those proximalo 
link* which connect them together, and to pass over In- 
numerable cases bo tli of evident and occult alhanco. 
Any one branch traced through its lamiflcatlons would 
hm done occupied a volume, it is hoped, nevertheless, 
tW the rvfisw here given will suffice to show tho 
extent, to which a consideration 0 f the reciprocal in- 
fluence of even a few of these subjects may ultimaloly 
Wd, It thus spears that the theory of dynamics, 
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founded upon terrestnal phenomena, ia indispensable 
foi acqiuung a knowlcdgo of the 1 evolutions of tile 
coIeBtial bodies and then reciprocal influences The 
motions of the satellites arc affected by the fonns of 
then pumancs, and tho figures of the planets them, 
bolvcs depend upon then lotationB, The symmetiyof 
then internal stiuctuio proves the stability of these 
rotatoiy motions, and the immutability of the length ol 
the day, ay Inch fiunislieB an mvanable standard of 
time j and the actual si?e of die teneatnol spheroid 
aflouls tho means of ascgi taming tlio dimensions of the 
bolai system, and provides Qn invariable foundation for 
a syslom of woights and measures The mutual 
attraction of the celestial bodies distuibs tho fluids at 
their suifaces, whence the tlicoiy of the tides and tho 
oscillations of the atmosphere Tho density and 
elasticity of the an, \iuymg with eveiy alternation of 
tcinpciitfme, lead to the conaidoiation of baiomotiical 
changes, the mcnsuicment of heights, and capillaiy 
attinclion , and the doctrine of sound, including the 
theory of mime, is to be lofened to tho small undu, 
lotions of tho aonal medium A knowledge of the 
action of maltei upon light is requisite foi tiacmg tho 
cmved path of its lays though the atmospheie, by 
which the tnio places of distant objects aio detei mined, 
whcthci m tho heavens 01 on t*Jio earth By this wo 
loam the natme and piopoities of the sunbeam, the 
inode of its propagation though the ethorial fluid, oi 
m tlic intcrioi of material bodies, and tho oiigm of 
coloui, By tho cclipseB of Jupiter's satellites, the 
velocity of light is ascci tninoil, and that velocity, in the 
abeuatlon of the fixed stais, furnishes the only dncct 
pi oof of the real motion of the eaith. Tho effbota of 
the invisible lays of light aie immediately con- 
n u 
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ncctcd with chemical action, and heat, forming a 
pait of tbo soldi iay, so essential to animated and 
mam mated existence, whetliei considered as invisible 
light or as a distinct quality, ib too important an agent 
m the economy of ci cation, not to hold a pnncipal place 
m tbo connection of physical soienccs Whence follows 
its (hatiibiUioii in the mtci loi, and ovci tho smface of 
tho globe, its powei on tbo geological convulsions of 
oin planet, its influence on tho atmosphere and on 
climate, and its effects on vegetable and animal life, 
evinced in the localities of organised beings on the 
earth, m tho wateis, and in tho an, Tho connection 
of heat with electrical phenomena, and tho eloctiiaty 
of the atmosphere, together with all its encigc ho effects, 
ita identity with magnetism and the phenomena of 
terrestrial polarity, can only be undci stood iiom the 
theories of these invisible agents, and aie, probably, 
pnncipal causes of chemical affinities Innumerable 
instances might he given in illustration of the im- 
mediate connection of the physioal sciences, most of 
which aie united still nloie closely by tho common 
bond of analysis, which is daily extending its empne, 
and will ultimately embiaco almost evory subject in 
nntuie in its foimulec* 

These foiinulce, emblematic of Omniscience, con- 
dense into a few symbols the immutable laws of the 
umvcise This mighty instillment of human powoi, 
itself oiigmatos m tho primitive constitution of tlio 
human mind, and lesta upon a few fundamontfll axioms, 
which havo eternally existed in Ilim who implanted 
them in the hicaat of man when ho ciaatcd him after 
His own image 



SUPPLEMENT. 


Sinol tho preceding sheets were printed Mcllom 
has published an account of lus discoveries in die in* 
stantancous tiammisBion of ladimit heat, ;v]nch arc so 
important and liiteicsting, as to justify a fu] lei state- 
ment of them than lias been given in the toxt 1 toys 
of boat dm t in btiaight lines fiom flame and all hot 
bodies. Then Uammisdon through solid and liquid 
substances is instantaneous, theic bung no appiociable 
difFeicncoin tho time they take to pass thiough Inyois of 
any natuie or thickness wlmtovei. TJicy pass also with 
the same facility, whether the media bo agitated or at 
rcht, and m those respects tho analogy between light and 
heat is pcifect, Tho tiansmissiou of this kind of boat 
through vnuoiiB bodies, foims the suljeotof M, Mollom's 
experiments The Ins hum out ho oinployt foi measur- 
ing the intensity of tho calono, is a thcimo-clectno 
pile, formed of sloudci iod8 of bismuth and antimony, 
soldcicd together When heat is applie<l to this ap- 
paiaiusj olcctnoity ib evolved, whoso intensity, and 
consequently that of tlio heat pioduomg it, is mniked 
by a gfllvanomotei, to winch the eloohioity la con- 
veyed by wncs lladiant licnt passes, in difForont 
quantities, tluough a ccilnm class of solid and liquid 
substances ; but the IranamiBsiYO powci is totally 
hi 2 
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independent of tiansparcncy , some substances wliieli 
are neaily opaque giving n fiec passage to tho calo- 
rific lays, whilst otlioiB, altogothei hinput, exclude 
the gieatci pait of them Foi c\amplo, thin and per- 
fectly tianspaient plates of alum and citua and sensibly 
transmit all tho lays of light fiom an ai garni lamp, but 
stop eight 01 nine tenths of the concomitant heat, whilst 
a largo piece of blown lock ciystal givos a hco pasBflgi 
to the ladmnt heat, but intci cepte nlmost all tho light 
M. Melloni has established tlio general law ill unciyutiil- 
liscd substances, sucli as glass and liquids, that the 
pi opei ty ol instantaneously transmitting heat is m pin- 
poition to then lcfiactive pawcis, The law, liowcsor, 
is entirely at fault in bodies of a ciystalline texture 
Caibonate of lead, foi instance, winch is col oui lean, 
and possesses a voiy high refi active powei with logard 
tohght, tiansmits less radiant heal than Iceland apm, 
or rock eiyatal, which aie veiy infonor to it in tlu? 
oulei of lefrangibihty , whilst lock salt, which has flu- 
same tianspaioncy and lefi active power with alum nnd 
cituc acid, tiansmitf. six 01 eight times as much cftlonc 
This remaikahle diffcience in the tifinsmissivc powei of 
substances having tho same appeal mice, ib attnbuted by 
H Melloni to then ciystalhno foim, mul not to llu* 
chemical composition of: then molecules, as the following 
experiments prove A block of common salt, out into 
plates, entuely excludes calonflc liuliation, yet when 
dissolved in water it inoi cases tho tiansmiRsive powei 
of that liquid morcovei, tho tianamiSBivo powei of 
water ib increased in neaily the same degiee, whclhoi 
salt or alum be dissolved m it, yet these two eubstnurea 
tiansmit very diffeient quantities of boat In their Bolid 
state But, notwnh standing tho influence of cryatal- 
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li/nlion on the tiansmissivb power of bodies, no relation 
lias been traced between that power and their ciyfltalhne 
foim The twaiBiniBBion of iadiant heat Is analogous 
to that ot light tlnongh coloured media, Wien common 
white light, consisting of blua, yellow, and led lays, 
passes through a ieil liquid, almost all the blue and yel- 
low lays, ancl a few of tlio lod, arc intercepted by tho 
hist layei ol the fluid, lower aio mteiceptcdby tho se- 
cond, still less by the thud, and so on , till, at laBt, the 
losses bocoma veiy small and lnvauablc, and those rays 
alone aio ti nnemittetl which give the led colour to the 
liquid. In a similai nmmioi, when plates of the Bamo 
thickness of any substance, such as glasB, aio exposed 
to an ai guild lamp, a consider able poition of tlio mdian t 
bent is auested by tho fhst plate, a less poition by the 
second, still loss by the tlmd, and so on, tho quantity 
of heat lost (loci casing, till at last the lobs becomes a 
constant quantity The transmission of iadiant heat 
through a solid mass, follows the same law The losses 
hlo veiy conaideiablo on flist enteung it, but they 
rapidly dimmish m piopoition as tlio heat penetrates 
dcepoi, and become constant at a certain depth, In- 
deed, the only diflhonce between tho transmission of 
Indian t heat through a solid mass, or through the same 
mnas when cut into plates of equal thickness, arises 
fioin the small quantity of heat that is reflected at the 
am faces of tho platea It is evident, thorofoie, that the 
heat giadunlly lost, is not mtoi copied nt tlio surface, but 
nbsoibed In the mtonor of tho BiibsUmcc. 

By cxpoumenU on caloiic radiated fiom bouiccb of 
di flu lent lemporalmcs, M* Mollom has proved tlmt tho 
heat emanating liom tho sun or from a blight flame, 
n n 3 
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consists of lays which difTei fiom cacli othoi jib much 
as the led, yellow, and blue rays do, winch count ilutc 
white light This oxplams tho icaeon of tho lob&es of 
heat in penetrating dccpei and decjici mto a solid muM, 
or in parsing through a senes of plates, for, of tho dif- 
feient lands of lays which cliut fiom a vivid flame, nil 
are successively extinguished by tho absoibing nature of 
tbe substance thiough winch they pass, till thobu homo- 
geneous lays alone lemain which have tho gieateal 
facility of passing though that pmticulni Mi1)Hlnuco f 
exactly as m a led liquid tho blue and yellow lays nrv 
extinguished and tho led aic tiansimttcd. 

M. Melloiu employod foiu somccs of cnlauc, two of 
which were lurmnpus and two obsemo , mumily, an oil 
lamp without a glass, incnndcsconl platma, copper 
heated to 696 dcgieee, and a coppci vessel filled 
with watci at tho tempemtuie of 178 J dcgieci of 
Fahrenheit Rock salt tiansmitted heat in tho lira- 
portion of 92 lays out of 100 fiorn each of these 
aouices , but all ofchoi substances, pcivlous to nultnui 
heat, whether solid 01 lnpud, tmnsmit moio caloilc 
from sources of high tompoiatme, than fiom such 
as are low* F 01 ms tan co, limpid and colomlcsH iliu 
ate of hme transmitted in tlio pioponion of 78 lays 
out of 100 Horn tho lam Pj Gfl fiom tho plnlmn, 42 
from the coppei, and 38 fiom tho hot wfttta j while 
transparent rock ciystal tiansmitted 88 lays in 300 
from the lamp, 28 from tho plathm, 6 hom the copper, 
and 9 from the hot watei. fuic ico hmimuUed only 
in thepioportion of 6 rays 111 the 100 fiom tho lamp, 
and entirely excluded those fiom tho other lluco soiiicw. 
Out of 39 different substances, 84 wore unpavioiw to 
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tho cnloiiflc iaya fiom hot watei, 14# excluded those 
fiom the hot coppci, and *1 did not hansnut those fioin 
the platma 

Thus it appeals, that tho heat piocceding fiom these 
fom Romccs aro of diffbront hinds this diffeiencem the 
natiuo of the calonflc lays, is also proved by anotha 
experiment, which will be moio cosily undcistood, fiom 
tho analogy of light lied light, emanating fiom led 
glass, will pass in abundance thiougli anotbei pioco of 
red glass, but it will bo nbsoibed by gicen glass . green 
rays will moio l caddy pasB through a gieeu medium, 
than tlnough one of any othci coloui. This holds with 
regnid to all colouis' bo in heat Rays of oalono, of 
tlio same intensity, which have passed tlnough dilTcicnt 
buhstauccB, aio tirmsmittod. in diiFciont quantities hy 
the snmo piece of alum, and aie sometimes stopped 
altogotlici , whence it in evident, that lays which 
emanate fiom dirteiont substances possess diflbient 
qualities. It appeals that a bright flame furnishes 
rays of heat of all hinds, in the same manner os 
it gives light of all coloui s j and rb coloui ed media 
tiaiiainit some coloured lays and abBOib tho lest, bo 
bodies tianamlt some rays of caloric and exclude tho 
othci s. Rock salt alone i cecmbloB colomlesB tinnspaiont 
media in tianBimtting all kinds of calonc, oven tho heat 
of tho hand, pist its ihoy tiansmit white light, consisting 
of lays of all coloui a, 

Tlie colommg inattei of coloui cd glasses exorcises no 
peculiar action on tho raya oi boat, with tlio exception 
of blaok and giecn The heat which has aheady 
passed tlnough a gieoii oi an opaquo black glass, will 
not pass through alum, whilst that wluoh has been 
n n 4 
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transmitted through glasses of otlioi coloms traverses 
it readily- 

By lcvcismg the expeiiment, and exposing different 
substances to oaloilo that had alieady passed through 
alum, M. Mcllom found, that tlio heat cmciging fiom 
alum is almost totnlly intei copied by opaque substance*, 
and is abundantly transmitted by all such as arc tians- 
parent and colouiless, and that it Bufffcis no nppicciahlo 
loss when the thickness of the plate is yaued within 
ccitam limits The piopoities of the heat, therefore, 
which issues fiom alum neaily nppioach to those of 
light and solai beat 

Radiant heat, m Uavcremg vnuoiis media, is not only 
rondcicd more oi loss capable of being tinnsmiUcd a 
second time, but, nccoidmg to the expci nncntB of Mr* 
Powell, it becomes moio 01 leys susceptible of being 
absoibcd in diflbicnt quantities by black and wlntc 
sui faces. 

I VI Melloru has piovcd, that aolai bent contains raya, 
which mo affected by diffoiont substances, m the same 
maimer as if the heat piocccdcd fiom a tci res trial 
soui eo * whence ho concludes that the differences ab- 
solved between the tiansumsion of tcixcstnnl and solar* 
heat, arise fiom tlio oucumstaiico of yolai heat contain- 
ing all the kinds of calouc, whilst in other sources 
some of the kinds mo wanting* 

Some tuna since, M, 13 final published nil account 
of having polail zed boat by ic floe tiou, but lus oxpon- 
ments ImYo since been lopeated by Mi. Powell and 
Mi. Loyd witliout success, tliongh Mi Powell thouglit 
lie peicclvcd a small otfbct in heat fiom n luminous 
source* M Mclloni 1ms proved boyoiul a doubt, that 
such calorific lays as arc capable of being transmitted 
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tlnough tourmaline, aio not polomcd by that mineral, 
like rays of light It is clear, that if heat could bo 
polarized by the method explained in page 213, it 
would bo ontnely excluded when the axes ot the bu- 
pei posed slices of touinmlino ciobs each other at nght 
angles, anti tiawnnittcd when they aio pniallel. M 
Mcllom found that the same quantity of boat was trana- 
nutted in both positions, so that heat does not appear to 
be capable of point i/ntion 

The pioporty of transmitting all kinds oi caloric, 
lcndcis lonsea and prisms of lock salt as valuable for ex- 
periments on heat, as those of glass aio foi optical pur- 
poses A pnam of rock salt lias afforded M Mclloni 
the means, not only of proving that all the diffbient 
kinds of caloi ic aro susceptible of tefi action, but that 
each kind has a lefiangibihty peculini to itself 
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Noti 1 psgo2 Diameter A straight lino paiilng through tho ronlre, 
ftnd toimhiRkd both uaji by tho sides or iiitfnco of n figure lu flg 1 
N S, mo diameters 

Non 2 p 1 Mafhiwnilcal and mukamcal teteneei Wathetnnlles 
knch the Inna ol nnmbov and quantity , imohanloi treat of tho equilibrium 
and motion ot bad lei 

Non 1 p 1 Attalj/ut Is a series of reasoning conducted by signs or 
i) mboli of llio quantities whoso relations form tho *uh)ut of onqulry 

Notl l p l Qtdllfilhnt are movomont* to olid frojlko tho swinging or 
tho pendulum or a clod, or Waves In walor Tho tWta are oscllhllous or 
tho *oa 

NorrC p l Oiamtation Sensible gravity oi weight Itls the forro 
Whloli (SUMS substances to Dill to tho imfhco of the earth, and which 
totnlna the tolullnl bod lei In Iholi orblli It* Intensity increase* fts tho 
iquoioi of the dlitanco deemso 

NiriR d p 5 l'artieht of matte t aro the indefinitely imoll or ulllmnto 
atoms Into which lrmtlor It believed to Ijq divisible Their fonu Is un 
known j 1ml though too small to bo visible, tlMry mint liavo magnitude 

Notp 7 p5 A hollo wii&cxs AhoUowl«ll,llkoabomb eliell Aaplior© 
is n ball or solid body, sutb, that Jill lines drown from Itscontro to lls surfnu. 
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art, oqiml L hoy a \q ralted i a Jll, nml o\ or) lino puiliig through (ho cent w 
and terminated both way* by tho iuHico I* a dlainttor, which If count 
quotuly oqual to (.who tha udlua Tu flg 1 Q ft or N S 1i a dlninctor, mul 
CO, CN, nro rnrtll A groat urUo or tho iphoro hu tho fonui centre 
with tho iphero, a* tho cholca Q h q 4 wirl 0 N q S I ho Llrcto A 13 li a 
Icaior cJjrclo of tho aplicro 

Nott 6 p ? UwcejititoAoifow spheres Slid fa, or hollow aphert*#, having 
tho moio oojitro, like tho coat* of nn onion 

NciTb 0 \> 5 SphexnU A aolld body, wliiuh jomctlmo* fia* the ihnpo 
at) onng , as In Ag 1 j It is then t*TlTul an oblflto apharoid* bccan*Al 


Us' 



flattened At the polo* Nnnd S Such I* tho form of tho oarth and plnncie 
WhoniWHhcrontranJt lidrawn out at Mg 3 


tho pot oi HVcfln egg , n iln fig S ,HU called 
n prolnto fphorohl It 1* evident, that In 
both iheao id Id* tlio radii Cq, C a t C N, 

Set pro gonornlly unequal , whole** In 
tho Iplioro they are nU equal 

Noth 10 p 9. Centre of gmvity A 
point In ororybody, wbloh II mpported, <£ 
tho body will remain at rwt In whatever 
portion It may bo placed About that 
point all thO parti oxactly balance one 
another 
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Noir 11 pp U fl Polet and 
cquato) I U fig 1 nr 3 rcpusont 
tlio earth, ( Hi centre, N C S tho 
axis of rotation, or tho imaginary 
lino about which It porlorms Its 
dally ro volution Then N and S 
aro tho north and south poles, and 
the groat Llrclo q 1 9, which dl 
% kloi tho earth Inlotuo cqunl parts, 
li the equator Ilia earth U flat 
tailed at Oil poles, flg 1 , the oqun 
lorud clLnmotor q Q oxcccdlng Oio 
polar dlomotor N H by about 
■miles TiOssor circle*, a A G E, 
which aro parallel to tlio cqimloi, 
aro Circle* Or parallel* or latitude, 
which Is oitlmatcd In dcgrcoi, iplnutw, and second*, north and lonlh 
of Lho equator, o\er) plica In tho same parallel hoilng tho inrao loti- 
tudo Greenwich Lb hi lho parallel or 51^ £8 IP" Thus torrcilrlal 
latitude Is the angulai dlilanco between tho direction of q plumb lino ot 
nny placo ami tho piano of the equotoi I Incs inch ai N Q % NOLS, 
fig 0, aro called merldlini, all tho place* In anyone of thoio Unci ha\t 
noon at lho same inilnnt Tlio meridian of Greenwich Ima beon chosen by 
lho llritlih as the origin of terrestrial longitude, which it estimated In de 
groei, mlnuici, and lecomli, call and west or Hist Unc If N G L S bo tho 
niorldlau oj Greenwich, tho position of any placo, B, 1* dclermlned, when 
Hi latitude, Q C B, ami Iti longitude, L C y, aro known 

N<wi 12 p n A euftiin man tofUnAe lho attraction of* sphoroon 
an external body t* tho samo m if its man wora collected Into one hoary 
particle In Its conlro of gravity, nnd tho InlonUty of Hi attmotlon dlmlnlslios 
a* tho Bqunro of Its dlitanco from tho oxtornol body lnarontes But Iha at 
tmatlon of a spheroid, fig 1 , on an oxter nal body at m In Uio piano of Us 
equator, T Q, Li greater, and its attraction on Urn samo body when at vt* In 
the a\ii N S leu, than If It wore a iphoro Therefore, In both case*, tho 
forco ilovUlea ftom tho exact taw of gravity This dovlallon arlioa flrom 
tlio protuberant matter at tho equator \ and ai it diminishes towards the 
]Kiks to does tho nliractlvQ Torre of tho iphcrold But there it one moan 
latitude, whore tho attraction or n iphorohl li tho ssmo aa 1 r It u oro n iphoro 
It Is lliat UlUudo tho squire o{ whoso lino li equal lo } of lho oqualorlnl 
radlui 

NmiMfl p n Mi an AWnnee lhomean dliUmcoof a planot from tho 
centre of tho sun, or of a inlelllto from Lho contro of 111 plnnot, Is equal to 
half the major axil nr Its orbit 1 or examplr, lot V p A 1), fig 0, b© the 
orbit m path or the moon nr of a plauoti than V A Is lho major axis 
When lho body li at y or 1), ll Is nl Ha moon dbtsnco from \ IbrbQ, SP 
aro each equal to ( 1\ Iwlf lho major axil 

Non 1] pC Mean m/rwi afthr tfm/ft n>o distance from the ccnlro 
to tlio intfsco of tho earth, logarded m n sphere 
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Norr lo p 0 Ratio Phorolnllon which ono quantity hoars to another 


Note 10 p 0 Sqqau qf t) toon's dlslanci In ordoi lo avoid large 
number*, Uio moan radius of tho earth la taken ior unity then thD moan 
dlttanoo of the moon la oxprcisod by GO j and tlic square ol that uumbur 
u 3600, or CO time* 80 


Ngti 17 ]) 0 Cent) IfHgnl force Iho forco with ttlilrh n revolving 
body tondi to Jly from tho oentro of motion n illng tomlu to fly floin Die 
hand In comequonoc of tho conli lfugal loico A tangent la a hlrnlglit Uric 
touching a ourvod lino In ono point without cutting it, «» m 1\ llg t I Jic. 

Jirci lion ol the rentrllugal furtL 
li In tho langont to tho curvul 
lino nr path in which Lliobody ro- 
volvoi, nud IU Intensity lilcnaion 
with tJ io angular suing of tilt 
body, mid with Ui distance from 
the Ltiiti o ol luutiou A i the orbit 
of tho moon dot i not UIAli imn.li 
Aonn circle, let It bo rcprucul 
cd by /? (hah, llg I, ilio cnrMi 
being In C. r I hocuililrugal ion c 
arising from the velmily ol the 
muon In her orbit Inbuilt i I In. 
attraction nr the earth Hy (Jitlr 
Joint action, tho moon inure# 
through tho are m n during the 
thno that iho would jly oil In the 
t#nfent m T by Uio notion of tho centrifugal forte alone, oi foil tlnough 
rap by tho omth’s attraction olono '1 w, Uio deflection Iroin tho Imigilil, 

U panllol and oqual lo ni p, tho yoruotl lino of tho aro m n, iUji(»oaoil lo lw 
mored over by tho moon In a ictond, and llurolbra io voiy imnll that it 
m«y bo regarded a* « straight lino T n, or hi /j, 1b tho iprn .0 iho moon 
would fhll through in tho first locond or hor descent lo tho earth, were iho 
not roUinod In hor orbit by her centrifugal force 

Norr 18 p 0 Aalton and j eao/fon When motion It communicated by 
eoUUion or pressure, 0»o action of tho body whleh strike# li lcUirnod with 
oquilforcoby tho body which rccei\oi tho blow Tho preuuio <»r li linnet 
on a table la resisted with an oqual mid contrary forco this niccmrily 
followi from tho Impenetrability of matter i a property by whli h imlwn |>#r. 
tloJei of matter can occupy tho imne Identical portion or spaco nl (]|l> iaino 
Ume When motion li eoramuuluatod without apparent contact, ai In gra 
That ton, attraction, ami ropulilon, the quantity of motion gained Ity tin 
tme body la exactly equal to that loit by tho other, but In a contrary dire* 
non i a circumstance known by experience only 



fn&xtrt A lxxly Is projected wh on Ills thrown a ball 
? BUn 11 U thorofbro oallod n projectile Uut the 
onoltlo 1 r A lino, lurftco, or solid body, It iMrt tu 

be pnMod upon a plane, whon parallel at might linos aro drawn from eviry 
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point of It to iho piano Tho figure 10 traced upon tho piano li n projection 
U»o projection ot a tcrrcslrlQl object it therefore Iti daylight ahadow, iluoo 
tho lun'a rayi aro sonilbly parallel 

Note CO p 0 Space Iho boundless region which contains all ere* 
Uon 


Noti 21 pp 0 10 Conte ttcttoai Lines formed by any piano cutting n 
cone A cono Is a wild figure, llko a iupar loaf, fig 5 , or which A is 

hff B Jig 6 



iho apex, A I) llio axw, nml tho piano D 1 C 1 tliohruc Iho axli mayor 
may not be perpendicular to llio baie, ami tho haw may ho a circle, or 
nny oilier cuned line When the nxh l» perpendicular to tho tune, the 
■olid la ft right cone If a right cent with a chcuUw Paso ho cut At right 
angles to the bnie by a piano inning through the apex, the iti Uon will be 
n tHnnglc If tho tono lw cut through both aide* by a piano parallel to 
tho bake, tho ncdlqn will ho a clrclo 11 the cono l>o cut limiting quite 
through both aides, iho tcctlon will bo on ollliiw, fig b If Iho coirc bo 


Ug 7 l,g 8 



cut parallel toouoof tho sloping aides, n» A B, tho section will be t )>a 
rnbolii, fig 7 Ami ir tho plnno cut only ono *U!o ot tho cone, aucl bo not 
parallel to llio other, Iho sootlon will bo a hyperbola, Ufi 8 Tliui lluu 
nro live ronlo sections 
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Nuti fifi p 0 Int#rte tquaie qf (trilance fho attraction of □nelmdy 
for another nt (.bo distance of two mllos, la four times lo*s Until nt the iMh 
tanao of ono mllo j at throo rollei, It 1* nlno tlmci loti thnil at olio , at four 
miles It la sixteen times less, anrtaoon Uintls, iho glaciating Toito Hi 
creases Ln inlonallv as tho squares of tlio distance Inrrt-aio 

Note 23 p 7 Ll!\pp. One of tho conic Mctlonn, fig 0 An ellipse uiny bi 
drawn by fixing the ends of a itrlng to two point*, S and 1 * In n ilictl nf 
paper, and then carrying tho point of a pencil round In Uio loop ol tlio 
itrlng kept strotohed, the length of tlio itrlng being greater than Iho dls- 
tanco between tho two point* Iho polnti S and L aio cmllul tlio fin l, l 
tho contra, S C oi C T tho oxcontrklty, A V Iho major n\li, Q J) tho minor 
axli, «nd P S the fbcal dlslanco It la ovldont, that tlio lo« tlio exconlrirlly 
C8, tho nearer does tho olllpto approaoh to a clrclo 5 mul from tho const mil 
turn It U clear that tho length of tho sti lug S ru 1 li equal to tlio niajw rx l« 
P A If T t bo a tangoot to tlio ellipse at t«, then tha angle 1 m S I 1 equal 
to tho anglo tin I , fmd is Mill ii truo for ovory point In tho oil It'll, It fnl 
low*, that In an elliptical reflecting curfaco, mys oi light or round coming 
from ono focm 8 will bo reflected by the lurfaoc to tho oUier foaii 1 , »1 upl 
tho angle of Incidence Ii equal to tlio anglo of reflection by tho thoorlci of 
light and lound ^ 

Noth 24 p 7 Vtrlodta time Iho Umo Jn wlilch a planot or conus 
perform* a rorolullon round tho nun, or a satellite about IU planet 

NcniSS p7 Kopler dlicoiorod threo lnwi In tho plnnolary motSuim by 
whloh tlio principle of gravitation ii established —1st, 'llmt thl radii vcc- 
torea of tho planot* and ooraot* do*ci]ho area* proportional tn tho Unit 
lot flg 0 bo U10 orbit of a plmwt, Him 
supposing the apace* or mou PS/j, p 
nSi, Ac equal to 0110 annUior, tlio M- 
<11ui vLolor ST, wlilch la tlio lino Joining 
(be contici ol llio aun and planet, 
over thesa oqual apnccs in equal tlnun, 
that li,lf tho lino 4 P pane* to 4 pin chk 
day, It will como in 4o In two day*, lo 
Si In throo day*, and 10 on fid. 111 at 
the orbit* or paths of tho pianola nnri 
comet* aro conh *eclloni, having tPm 
mn In ono of their fod 'llio orbits ol 
tho planet* and iatollila* are curve* like fig 0 orD called ellipses, having the 
mn In tho focus 8 Three comets are known to move In olllpsoi, but tin 
greater part scorn to move In pambolai, flg 7 , having tho aun In 8 j olliora 
appear (0 move In hyperbola*, llko flg 8 The third Law la, that tho iqiinrca 
or the periodic time* of tho planet* aro proportional to the cubes of their 
mean dliUnco# from tho tun llio square of a number U that nuitibrr 
multiplied by itielf, and tho cube or a uumbor k* that number twice mill- 
tlpllad by Itself Tor example, tho square* of U10 numbers 9, 3, l, £0 me 
4, 9, 16, &o hut tholr cube* are 8, 97, 04, Ao Them tbo squat os or Iho 
numbers representing the pcriodlo times of two planet*, aro to ono another 
a* (ho cubes of the numbers representing their moan distances from Use 
sun, 80 that three of these Quantities bolna known Min nihnr lv* 
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found by Ilia nilo of Uir«j Tho moon distance* aro mo-iaurad lu mllaa or 
torroilrlal rndll, and the periodic time* are ofllmatod In ><mra, dayi, and 
parts ol o clnjr heplor'i laws extend to tho latollitce 

Notp 2fi p 7 Matt llio quantity of matter In a ^Ivon bulk It U 
proportional to tho density and \ohirao or bulk conjointly 

Noil 27 p 7 (j tavtfalio* />; ojwrtional (o man But for tho roilitance 
or tho air, ill bodies would tail to the ground In equal time* In fact, a 
hundred equal particle* of matter at oqunl distance* from tho surfoco of 
llio earth would fklf to tlio ground in parallel straight lino* with equal ra 
pldlly, and no change whatmoi would tnko place in tho circumstance* or 
tliolr doacont, If 99 of them wore united In ono solid niMij for Lho solid 
mail and tho ilnglo partido would touch tho ground at tho *amo Imtant, 
wore It not far tho rulitauco or the air 

Note 89 p7 Pihnmy ilgnUlei, In nstronomy, tho planet about 
which a tatcllilo rotolvat lho earth ia primary to tho moon 

Note £9 p 8 notation Motion loimd an axli, real or Imaginary 

Norn 30 p 9 Compirulon qf a ipkcroul Tho flattening at lho polci 
It la equal to lho dlflcrcnco between the flrontoit and lent thamoton, dt 
vlded by Urn grenteik, them quantities being exprewd In tomo etandard 
iron uro, m ml lea 

Nmi 3! p 0 Satclhtct Small bodki revolving about lorao or lho 
planet* lho moon i» a lalclllto to tho earth 

Norn 82 p q Nutation A nodding motion In (ho oarth'a axis wbllo In 
rotation, ilralLar to that observed In tho ipinnlng of a top It ii produced 
by tlio attraction of tho mn and moon on tho protuberant rantlor at tho 
lorrei trial equator 

NcnpSJ p 0 -rfr/j of rotation lho lino, roil or Imaginary, about 
which a hotly revolve* 1 ho axil of tho earth 1 * rotation La that diameter, 
or Imaginary lino, pawing through (he contra and both pole* llg ] being 
lho earth, N fl li tho axil of rotation 

Nom 31 p 9 Nutfllm of lunar o)bU llso action of tho bulging 
mailer at the earth 1 * equator on Uio moon oocniloni a variation In lho lu 
dilution of tho lunar orbit to the piano or tho odiptlc Suppoeo lho piano 
N p u, flg 13 , to ho tho orbit of lho moon, nixl N m n tho plnno of lho 
ecliptic, tho oarth's action mi lho moon causes lho angle p N m to bccomo 
loti or greater than its moan itato llio nutation In tho lunar orbit 1* lho 
motion oftho nutation In tho earth 1 ! nvl* 

Now 39 p 0 TranilaUxI Carried forward In space 

NonKdfl p 10 rorte propOittonal to \kloclly Slnao n forco !a moi 
mred by Ui oJTLd, tlio motloQi of tho bodloi of tho idai ijrilcm among 
V I 
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Umnualvo* would bo the lamo whothor tho system bo nt ro*t or not 
Tho roil motion of a person walking tho dock or n ship nt m l« com 
pounded of bis own motion nml that of tlio ship, yat each tnkia plate In 
dependency of the other "We walk about ns if thg otirth woro at ml, 
though It hna tho doublo motion or rotation on Ui nxli mid rovotutlim 
round tho tun 

Note S7 p 11 Tangent A itnlght lino which touches n curved 
lmein onopomtwtthoutouttlnglt In tig y , m T la tangent to tho cum 
>n tho pointy In a cirolo the tnngcnt Is at right angles to thtrmUui, 
CnJ 

Note 39 p 11 Motion ih an elliptical oi bit A planet ni, fig 0 , inovri 
round tho iim nt S in in ellipse l 1 D A Q, in conwqmmto of two fon is, 
oqo urgmg It In tho dii action oi tho tangent m L\ nnd nuotlior pulling tt 
towards tho run in the dlioction m S Its velocity, wliloli h gre licit ut 1', 
dcoreflio* throughout tho are P I) A to A, whero It i« least, nnd lucre m a 
continually pb it moves olong thf arc A QP till It comes to P ngiln llu 
wholo foTeo producing tho elliptical motion varies invonoly as tho square 
of tho distance SoonoteBS 


Noth 39 p 11 fladh vector Imaginary linos Joining tho conlro or 
tho sun nnd tho contro of a planot or comet, or tho t-onkrti of a plnncl ami 
Jti aatolUta lu the circle, Uio radii me all equal , but In an ellipse, Jig h , 
the ridiuB veator S A La greater, Hnd 8 V lou than nil iho others i IfeO 
radii vectors* S Q, SD, are equal to C A or C V, half tho mnjor nxli V A , 
and ooDioquonlly equal to tho mean distance A plnnot It at IU moan 
distance from tho eun when in tho points Q nnd D 


Note 40 p H Tgual meat in cqwl Unc t &oo Kepler's lit law In 
noto25 p 7 

Nam 41 p IB Major a*u Tho lino P A, fig 0 or 10 

NorrMBplB Xftketfanet llg 10 

described a circle, $c Tho 
motion of a plnnot about tho 
sun, Jn n circle A B P, Og 10 , 
whoso radius C A la equal to 
Iho plaoet'i mein dlWanro 
fVom him, would bo equable* 
thatli, iti velocity, orspoed, 
wouid nlwaj g bn tho ume 
Wianjai, if it moved In tho 
alllpao AQP, its speed would 
h o con tin uai ly vary lu g, byn o l o 
38 , but lU motion la inch, 
that tho tlmo elapsing be 
tween its departure from P, 
and Its return to that point 

SIS •“ ,he ' Th,thor 11 “owd ^ tho olrelo to- | n (lie 

ipee , for those curves coincide In thq poluu P and A 
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Kcrrr W p 19 Irvomolion tfm motion of a body In ita real orbit, 

P D a U. 10 

N*m U p IS JJtan motion rquaWo motion loaclicloTE AD, fig 10, 
nUhLinmnluitanteCPor Cut, In tho tunc tlmtiho body would accomplish 
ft rovoimlon in U» oUlptloal orbit r I) A g 

Non* l*J p 12 m eqtttnojt 
lift 11 represent* the color- 
tlnl aplicu, and C Uj Lontro 
wliuo tlio earth Ismppoitrt 
tn bi q vp li tlio tqul 
nix Hal oi f,rcal tdrelo, traced 
In tho ■ car l > IscnroiLi by nu 
Imnpjlnary cxtcnilon or tho 
plum* of tho tcrreitrial equ ( 

(or, ntid I tCbUihL otllp 

■ m apparent path of the 
run lonnri Urn carlh HP t£i, 

Hil lutiiKollon or Ihwo two 
plant i, In tho line of the cqul 
mixta, HP li tli o venial equl 
)i»x, nml Jm the. autumnal 
WJiLn the mil In in them 
points., tho duya and nlghti 
art t*qii il limy arp distant 
ilhhlnnuhi 1 ho poind P imd t ate thosoUtlcoi, whoro thoaun li at his 
HR licit dirtanto fiom Iho equinoctial Iho equinoctial U ovary where 
iiUiuly degree* dliunt fi om Ils polo* N and B, which aro two poind dlamo- 
Irli nil jr opposite to ono another, whoro tho n*l* of tho earth'* rotation, if 
Irfukuigul, would moot tho hcjiTooi TJia northern celDitlal polo N d 
withLn 1°2P of tho polo it»r Ai tho latitude of nny pliico on tho mrfcco 
nr Ilia o*i lh, il equal to tho height of tho polo nba> o tho horizon, It Is partly 
ilutormlnod by observation Tho ecliptic 1 <J t£fa ii nlio ovary whore 
ninety degrees dlilnnt flrom iti poltl T and p Die anglo P C N, iHJtweon 
iho polos 1* and N of tho equinoctial mul ecliptic, la oqual to Iboftnglo 
l C y, tailed tho obliquity Df tho ocllptla 

Nirn hi p 12 longitude The vernal equinox, nf\ Ag 11 , »■ tho zero 
IKjI li t In tho htavoni whence celwtlal longitude*, or tho angulai raollom of 
Mil ooleatlal liodloa, nro cstliunlod from weit to ca»t, tho direction In whian 
Ihoy nil ltvolvo TJ)0 vornul equinox li generally oallotl tho lint point of 
Arln, though tho*o two poind liavo not coincided ilnco iho early aj,e* ol 
nilfCHiomy, about S2J3 yean ago, on a< count of a motion in tho equinoctial 
IHilnt «, to bo oxpinlnod heioaftor If flg 10 , ho tho lino of tho oqui- 
udxoi, anil cp tho voriml equinox, tho ti uo longitude or n planet p U tho 
anulo'Y* Sp, pndltiftioAh longitude li tho angle ^Y 1 C w, llm mu being lu S 
< t kitiol longitude li tho angular dlitanco of n hoavonly body from tlio 
"mid oqulnox | whereat tamittlnl lonjlliUta !■ tho angular distance or a 
jdato on the nirfaco of tho oaUU from a meridian arblUfttUy clioien, ai 
that of Urocnwlch 
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from ono another by n icrmolrcto, or two 
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Norn V7 p 11 rquatkm (\f the eenhe Tho dlfTbrtmco bolweon 'Y* C»i 
ami HP 8 Ag 10 j that la, tho dlflorcnoe between tho true anti moan 
longltudea of a planet or ■atclIUo Tho true and moan placet only toluoldo 
In tho points P and A j In every other j>olnl of tho orbit, tho true place Is 
either before or behind tho moan place In moving flrom A llirmigh tho 
arc A Q P, tho true place p la behind tho moan place in, and through 
the arc V D A tho true place It before the moan place At Its maximum, 
theequatlon oftho centre ra earn rot CS, tho cxccntrlclli of tho orbit, ilnu 
It la the dlflbronca between tho motion of n boflv In an olllpic and In u 
oirolo whoie dlaraotqr A P It tho major axli of tho ellipse 

Ncrr ifi p li Apsidct Tho points r and A, llg 10 , at tho ox- 
tromltlea of tho major a\ii of in orbit P, it commonly called the perihe- 
lion, a Greek tonu aignlfying round the sum , and tho point A. Li called the 
aphelion, a Greek term algnifylng nt q dUianca J) om the tun 

Notp 19 p 12 Ninety degrees A circle It divided Into 3110 equal parti, 01 
degreca , each degree Into 60 equal parts, o-illod mlnutoi , and cidi mlnntc 
Into GO equal p-ut% called aocondi It la uaual tn writo these quantities 
thuijl'joift 10', which means fifteen degrees, ilxLcen minutes, and ton 
seconds It la dear that an aro tn a, fig 1 , mejnuroa tho angle in C n , 
honco wa may ny an are of io many degrcea, or nti onglo of ao mauy de- 
grees ] for If there bo ten degrees Id tho angle vi Cn, thoro will ho ton dt 
gross in Iho are m a It U ovident that there aro 90° In a right angle, 
tn Cd t or quadrant, ilnce it La tho fourth part of 360° 

Ntrrr 30 p 12 (luad t nfttre* A celestial bodj it inid to ho In quadra 
lure, when It !■ 00 dogroei distant from the inn Tor oxamplo, in flg 14 
if d bo Uio aun, 8 the earth, and p tho moon, then tho moon U fluid to bo In 
quadrature when iho Li Jn olllicr of the polnli g or D> bocauw the angles 
Qbd and DS d, which moainro hor appuont distance from tho aim, aro 
right migloj 

Norr 'll p 12 Trem/ifeUr/ Deviation from r in? ul nr form In (lg 
Cb U the oxcantrtclty of tho orbit, P Q AD iho leas C % tho mom 
noarly does the orbit or oTllpio approach tho circular form , and when C H 
ia ior o, the ellipse become* q oirolo 

Note 62 p 13 IncUna Fig 12 

ilon pf (tn orbit I et S, 
flg 12 ,110 the centre of the 
aun, PNAw, Urn orbit of 
a planet moving ham west 
to out In tha dlroolton 
Np LoL E N me n be tho 
shadow or projection or the 
orbit on Iho plana or (ho 
odlpHo, then NS n la the 
Intersection of thoao two 
pianos, for tho orbit rise* 
above the plans of the cellptle toward* Np, and alnkslbolow It at N V 
The inglsp Nct, whloh these two planci mako with opo another, la the 
inclination of (be orbit PNp A to the plane of tho ecliptic. 
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Nirrp 6J p 13 JaUludeqf a plant t Ilia angle />S tn, flff IS, or tho 
height of tho plnnol p nbovo Hid collptlo L N tn In this onac tlio latitude 

I I north 1 hui, eolwUnl latitude li the angular dlitnncc of a coleillal body 
from the piano of the ecllpUo, whoreai tmerirlal latitude li the angular 
dlitaneo of a pi ica on tho 8Uif too of tho onrlh from the equator 

Noir 5k p 13 Nods* Tim two polnU N nmi «, Hr IS , In which the 
orbit NAnPof n pUiiol or comot Inlor/icoli (ho piano of tho ecliptic 
iNLrt 1 ho pail N A » of tho orbit Ilea above tho piano of tho ecliptic, 
and tho part »PN below It The aw coding node N U tho point through 
which tho bodypaivea In riling nbovo tlm pbnve of tho oclipllo, and tho 
dLWxndlng node n )■ llm point In which tho body link* below It Tho 
node* of a latcllito** mbit aro the point* In which U lulenccli U 10 plane of 
the orbit of the planet 

Ncnr'j'JpIS Ditlane* from tha tun S /Jin Jig IS Ifcpbc the vor* 
rod equlno*,' then npbp Is tholongllndoofthoplanetj*, j«Sjji»U*Utltudo, 
and S p lUdlitnnro from the inn When Lhoiw three quanlitlei art known, 
tho placo of tho planet p In ipaco li dotonnmod 

Non 50 pp ID 7J5 lUmeutt of an orbit Of LhQM tlioro era wvon 
I ot P N A h, Jig IS , ho the elliptical orbit of n planet, C Id contrc, 3 tho 
lun In olio of the foci, T 1 tho first point or Arid, and l Nan Lbo piano of 
tho ecliptic r Ilio oloiucnb mo, tho major nxli A V t tho o’ccenlrleliy C S , 
tho periodic time, lhil li, tho time of a complete revolution of tho body In 

III orbit , and llio fourth li the longitude of tho body nl any Rlvon Imtant 
for example, that at which It pouea through llio perihelion, or r lbo point 
oflti orbliucaroitta the lun IhatlnilnniUaniimod ai U 10 origin of time, 
whence all preceding and mccoodlng period* aio citlmntod 'Jhuo lour 
quantltle* oro mftlolom to dctormlno tho form of the orbit, and tho motion 
of tho body lu It Three other DJeroont* ora rcquldto for determining tiro 
poiltlon of tho orbit In ipoco Thoioaro, Lho angle ^bP, Ilia lougUudo 
of tho porlhollon \ Ui □ angla ANt, which li tho Inclination of the orbit 
to tho piano of the « Uptla , and laitly, tho anglo <Y> 8 N, Lho longltudo 01 
K lho attending node 

Nora67 p 11 IVhott. planet, $c Tho plnnoa oftho orbHi, a* P N An, 
rtg IS, lu which tho planet* move, are Inclined, or maho imall angle* 
t N A with tho piano of tho ccllptlo ENiii, and cut It In alinlght line* 
KB»i pawing through 8 tho contro of tho mn 

Nwrr US p 15 Momenlwn I orco inoaiurod by tlio wolghtor it body 
and lli *pccd,nr ilmplo volodty, conjointly Tlio primitive momentum of 
tho planrli li, (liouforo, thu quantity oi motion which wa* lmpre*«oil upon 
lliom wlion they were lint thrown into ipaio 

Noip 50 p 1C Uutlaldo equilibrium A body li b&W to bo In cqulll 
brhim, whou It li bo lialanood m (0 roinnlu at ro*t But tlioro mo two 
kind* ol equilibrium, Uable and unnable If a body Iwlnncod In itnbla 
equilibrium bo illghlly diiturligd, U will endeavour to roturn Lo roit by a 
number of movomonti to and fro, which will tonllnually iloorcaig till they 
cciuo altogether, andthon llio body will bo loitered lo lti original ilatc of 
ropoio But ll lho equilibrium bo uniUblo, lUow movement* to and Hro, or 
oiolllatloni, will become greater and greater tUUho equilibrium U Uoitroycd 

r r 3 
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NOTUSi 


Notb 60 p 18 Jle/roginde Going baoltwflrtls, ai from cast ip 
central y to tho motion of Lho plaholi 


NofTPei p 19 Ptnal/el dn ecffont 8ucli ai n<n cr mco l , though |iro- 
longed aver *o Tar 


Noth 62 pp jg $1 The \ubole force, jr 
I et 8, Ok 13 , bo the sun, N m n tbo plmio 
of the ecliptic, p the disturbed phuct moT- 
ing In Jta orbit «pN, and*/ the disturbing 
planet Now, it attract the lun end tho 
planet p with disroot intensities in tho 
direction* rf 8, d p the dlfflronu) only 
of those forces disturbs tho motion of pi 
It ia therefora called the disturbing force 
But tJiLa whole disturbing force may UQ 
regarded a> equivalent to three forces, -set- 
mg lothedJroctlonipS, p r,flndpfn JPho 
foroo acting In the TKdlui roc tor p S, Join- 
ing tho centre* or tho mn and planet, |a 
called tho i admifta ce It some time* draw* 
tho disturbed planet /> from tho aun, ami 
aomUlnm brings tt nearer to him Thd 
forro which acta lo tho direction of the 
tangent pTU called tho tangential force 
It disturbs the motion of p in longitude, 
that fi, it accelerates Iti motion in somo 


hg n 



parts orita orbit and retards Itlnothori, to that tho radius y odor 8 n ito*, 
not move over equal aroma in oqnal llmea (BeoNotoJtt) Tor oMimplu, in 
thopoftUou ortho bt)dlM in fig 1 * it l* 1 

oildwithat, In ccfliscquonoo of tho at- 
traction oft/ ( the planotp trill havo lU 
motion accelerated from Q to C, retarded 
IVom C to D, again accelerated from I> 
toO, and lastly retarded from O to Q 
, e disturbing hody it horo suppled to # 
bo at rest, and the orbit circular, but ai 
hoth bodies arc perpetually moving u IUi f 
dlflbrent rriooHles In ellipse*, the per. 
tunnilooi or changes In tha motions of 
P ™ ^numerous lutly. that part 
nfthe disturbing aotl |n lho 

^«wtion or a iin 0 p «j, flg J3 , at right 
^Klw to the plane of the orbit Non 
*n»ybe called the porpcndjcular torco' 
it mmetimua causes the body Ip an 

kJid ,0TBeto « to rooodq 
Jrthar man, tho piano of the *c]|ptl 0 
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Noth 03 pp 91 80 Fcilhchon Fig 10 ,P, the point of an orbit, nwrtut 
to tli 0 sun 

NotbGI p SI Aphelion rig 10, A, tho point of a n orbit, fatlhcit 
from iho auii 


Nun 05 pp 21, £2, S3 In Qg 15 tho central force 1 j grentor tluin tho 
exact law ol gravity, therefore tbo curvature P p a li greater than P p A 
tlia re ilolllp 0 , bonce tlio planet p como* to tho point a, oillcd tho aphelion, 
sooner tbauir Uinovod In tho orbit l 1 p A, whlrh roaku the line V B A nd 
] ip n Fig is 



vtmoolo ft I 11 fig lb , on the conlnry,Llie emmturo Ppa ib leu than in 
tho truo elllpio, w that tho plnnot p muit mo?o through raoro than the ate 
P p A, or 190°, boro to It oorao* to tho nphollwi a f w blch cmuei the greater 
atliPS A to recode to n 


Non 00 pp 22 t 23 Motion O f <ip 
#Wit I fit P S A, fig 17 , bo tho po 
•llton ol tho elliptical orbit or a planet 
ft tony time, then, by tbo action ol tho 
disturbing forcci, It succcsilvelv tnKca 
tht pcaltloHi V 8 A', l Vf S A" till 
liy llili direct motion It boa aocom 
pi l shod a revolution, and them It bcglm 
ngabi, to that tho motion li perpetual 

Noip 07 p 22. Siderlnl r cvolulkm 
Ibocrtuwmtlvo return of an object to 
tho umo star 


17 



A 


Notp 08 p 27 Tropical revolution Tho coniccullvo return of au 
object to tho umo troirlc or equinox 


NOTP09 p 93 The orbit only bulpai) 
fte In fig 18 tho ollccli of tho vnrU 
ilou In tho cxconlrlolty 1« iliown, whora 
V p A li tho elliptical orbit «t any given 
Knilant] after n time It will take tho 
Torm P }f A, In <m*eqii<jTK.a of tho do 
croaiolu Urn oxcentrlcllyCSj then tho p 
form 1 F p" A, Vff u A, &o Oojuocu 
tWoly from tho umo oautc, and ru tho 
major uxli V A nlwnyi rotalut tho tama 
length, tho orbit opproiclKn moro and 
more nearly to tho circular form But 
iH 


rig 
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NOTTS 


after th Li h«i gone on for aomo tbouanndi of years, tho orbit contrncti 
again, and bccomei rnoro and more elliptical 

Notp 7D pp £S3 9j ThetcUpftc Is tho apparent poth of tho aun In tho 
hearoof Soo Koto 45 

Nora 71 p Vi Ikl* force Undilopvll, 1 he fbico In queallrm, ait 
Ing In tlio direction pnt , flg IS , pnUi the planot p townrdhlho piano K m h, 
or puahetlt farther abovo It, giving tbo phnet n tendency to mcno In an 
orbit aba\o or bolow jti undliturbcd orbit K p v, which aIioh tho anglo 
p N vi, and make* iJia nodo N and tho lino of nodoj N n ehango thejr po 
lotion a, 

Horn 7S p 24 Molton qf the node* lot 9, flg 19 , bo tho aun i SNn 
tho piano of the ecliptic, P lha disturbing body] oimI p a planet movlnglniti 

Ttg JO 



orbltp n, of whloh p fl li fo wndl n part that It li ropreaented ru a ilrolghl 
line Pho piano 9 r p of this orb}t cnU tho piano of tho collptio In tho 
itmlght lino B n Suppaie tho disturbing force begin* to act on p ao ai to 
rtmw tho planet Into Uioaro/);/, then, Imtoedot movdng In tiro orbit pn. 
It will tend to more In tho orbltpp n , whoio piano cilia tho odlptfoln tho 
atraiglit lino 8 tf the dial urblug force acti again upon the body nbon at 

p\ *o u to draw it Info tho arc p' p tbo planet will now fond to wove In 
the orbit p p" whole pinna cuti tho oollptic In tho itralght lino 8 n tf 
The action of the dliturblng force on tho plenot, whon at f?\ will bring Uio 
node to f*"', and io on In thli manner tho nodo goes backward* through 
the aticooetlyo point* n, n”, n /l ' t t*v > and tho lino of nodoa S n hoe n j>or- 
petual retrograde motion about 9 tho centra of tho «un Hm (Uiturblng 
force hn been ropreaontod u noting at interrali, for tho *akc of llluatratton 
in nature It la conllnuoui,*o that tho motion of the nodo la continuous alroj 
though It la aomotlmoi rapid and wmetlrcoa alow, now retrograde and now 
direct j but, oa the whole, the motion it slowly rotrogrado 

Notb' 73 p SL TPAefitk* dl*tni bug planet la any whore In tho lino 8 N> 
flg 19», or in It* prolongation, It U In foe urao piano nllji the disturbed 
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planet, and however raurh It mny aflbot Us motions in that piano, It can 
hnvQ no London ay to draw 11 out of It But when Lho disturbing planet 1> In 
Pi at right apgloa to tbo lino SN, and not In tbo plnno of the orbl t* H hni a 
poworftil cfflit on tho motlnn of lho nodes , between these two position* 
tboro !i a treat virioty of action 

Norri 71 pM The change* in the Inclination arc* cxliomoly mlnuto 
when comp in d with tlio motion of tlio node, ai cv Id ontly appear* trom 
flg Ip , where lho angiot Bp«', n f pn°,&c oro much smallor than the cor 
r< ipomllng angles ft iW, rt' S ft", Ac 

Nmp 7^ p SH Sines andcoslnu riguro J la a clrclo, n p 5i tlmilnc, 
and C p ii thocralno, of an arc m n Suppoio lho radius b m to begin to re 
volvo at «»> In tho direction mna t then at the point «j, the sign la ioro> 
and tlio ttoilno li equal to tlio rmUui C m Ai tlie lino C vi tovoIyot nml 
talcca Lho suctosslvo positions C h, C rt, C b t Vo tho sines r p, a q, b i , %c of 
tho nrai m a, w <t t m b t Ac hioioasc* whllo tho corronpomllng tralnm C p, 
Lq, C j , Ac deaoaw, andwhon tlio revolving rndlui takes lho position C d 
at right angles to tlio dlnmotirg m Lho sine becomes equal to tlio rruilu* 
Cd, and the oo*l n oil zero After paailng tho point d, tho contrary boppeni, 
for tlio ilnei e* l, l e, &o diminish, and tho coilnci C *, C v, At, go on In 
mealing till at g tho alnc Is rero, and lho cosine 1» equal to tho radiui C g 
Tbo inina alternation mkos plara through tlio remaining parti# A, h w, of 
tho rlrclo, so that a ilno or coalite novor can ox.cecd lho radlui As lho 
rotation of tho oarth la Invariable, onch point ot Its surface poises through 
a compkto clrclo, or TGO degrees in twenty four hours, at tho rate or 15 
degToca In an hour Plrno, t h ore furo, becomes a meoiuro of angular motion, 
and, via vet id, tho arcs of a chclo o immsuro of time, shico these two qua n 
titles vary ilimillanoouily and equably, and ai lho sines and ooslnoi of tho 
area are expressed In tonus of lho time, they i ary with II Thoroforo, how- 
ov*r long lho tine may be, and how often soever tho radius may rovobo 
round lho clrclo, lho sines and cosine* never can oxicod Lho radius , and as 
tho radliu U aiiurood to bo equal lo unity, their values rad III to between 
unity and loro 

Nois70 p 27 HeiUtlng medium A fluid which resist* tho motions 
of boillos, such ni atmoiplmrlo air, or tho highly olaillo fluid called ether, 
with which It is presumed Hint space Is fllled 

Nrrrn77 p 88 Obliquity qf the cehptie Tim angle aT 0. Ag 11 , bo- 
twoou tho piano of tlio torteslriol oqualnr, q Q, mid lho plane or tho 
ctllpOc, I HP t lho obliquity U variable 

Nook 78 p CO InnoriaUe plana In tho earth tho equator Is lho Inva 
rlnblo piano which nearly maintains a parallel position with regard lo Itself 
whilo revolving about tbo sun, ni In flg 20 , wlioro 1 p represent* ll lho 
two homUiih ores lwhnco olio anothor on each sidoof this plane, aud would 
still do so If all tho paillclw or which they consist were movable nmong 
Ihomselvos, provided tho onrth wero not disturbed by lho action oi tho sun 
and moon, which nltci s tho piralloll ira of tho equator by lho small variation 
chllod umalion, to bo oxplalnod horeafloi 
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Voth 79 p SO flV/raA pm /fc/r, Ao I ct P, 1% Ac , % 21 , bo pin 
noti moving in their orhlU about tho centra of gravity ol thesyiUin Lot 
Iij 2J 



PSM t r Q M', &o he portion! of tb(Mo orbila mo vrd over by LIhj radii ver 
tore*, 8 P, flP, &o in a given tlvno, nnd lotpSw/, p>& m f , Ao be tholr 
ihadowi or projectloni on the Invariable plane Then, If tho numbers 
which roprawnt tho m wet of tho planoli, P f l u t $<. bo rcipectlvoly multi- 
piled by the number* representing Lho area* or tpflcci p & m,p' 8 vft At 
tho ium ot tho w holo wilt be greater fbj tho Invariable plane than it would 
be for my piano that could pan through 3, tho centra or gravity of tho 
* yi torn 

Kot * 60 p 3D The centre QfgrawYy or tho tolar iy*tom Ho* within Mia 
body of the «un, bec*u» hla man U much greater than tho maws of all tho 
planet! and mtelllte* added together 

^ormffl pp SS 46 Qonptnrfion A planet !* laid to bo In conjunction 
when It has the same longitude with the tun In flg 1) , let d be tho earth. 
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and Slim iun,thon a pl&not 111 C v/onld bo In conjunction, a,t 0 it would bo 
in opposition 

Nani 82 p *59 The ;w> iodic inequalities are computed Tor a given lime, 
ami rouwquonlly for a given form ind position or tbo orblti, of the dlv- 
tin hul ami disturbing bodies Although tho olomont* of tbo ortolli vary ip 
■lowly that no acmlblo oflict is produced on inequalities of a short period , 
j tc, In lho coup*o of lluio, tho secular variations of the elemcutj change the 
forms and rclokUo positions of Urn orbits io much, that Jupller and Situm 
whli b would lmvo corao to the srrao rel itlve poaltiooi with regard to the 
sun ami to one another, nrtor fbO yenra, do not arrive at Uionme rolalivL 
jiosUloiii till after 018 yonn 

Niffl S3 p 33 CvnflRiuatkm The relative position or the planeti with 
regard to onoRUotbor, to thoaun, and to tho plane of tho ccliptlo 

Ntnri SI p 33 In tlio same manner that thu excontrlcity of id ellip- 
tical orbit may bo imnonwd or diminished by tho action of the dliturblng 
forms, an n cliuiUr orbit may acquire low or more ellipt! city from (ha 
flimo cause It It lliut that Hid forms of (he orbUi of the flr^t and tecornl 
lalcllUia of Jupltc^ oscillate betwcon circlet and clllpsct dllh-nng very 
HUlo fiom clrdei 

Non p Jo Jhr fltono n/ Jupih r'x equator 1b Iho Imaginary plane 
pining through hla contro at right angloa to hit ax 1 1 of rotation , and cor 
ri sprouts to tbo piano q I Q e, la fig 1 1 ho satellite* move vory neirW 

In the piano of Jupiter's equator, for 11 J bo Jupiter, fig 29 , Vp bli axl* of 

Vs 



lotallmi, o Qhli equatorial diameter, which !■ 0000 mlloa longer thin Vp t 
nml If J 0 niul J I l>o tlio plan oa ol bli orbit wd equator ieen odgowirt, 
then tlio orbits at hli four intollUoi icon edgewise will bnvo the petition* 
I 1, JJ, J 1, J l Tlioso ire extremely hoar to <mo another, for Lhe 
mgio Lieu only 9° 6 oO f 


Nitti 86 p 85 In conioquenoo of tho satellite* moving *o nearly In tho 

ldiDQ of Jnpltor'i oquator, when won trom the oarlb, they appear to be 
ilwnyi my nearly In i ilnd^bl lino, lioworor much they maycbnnge tbwr 
potUloi* with regard to ono another end to tholr primary Tor example, 
tho evening* ot tbo Sd, Uh, ftb, and <Jth or January, 1835, the u tel lues 
II bavo tho configurations given In fig 53, whore ■ O la J"* ] 


will 


n i no the first, aocoml, third, and lourlh iitdlUo* Thaaatelbto la 



lib 
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tuppcneil to bo moving !n n direction fiom tho flguro tnwnnlt. tho point On 
tho alxth ovonlng the wound aatelllto will bo Boon on tho dUo of tbo planot 

Notp 87 p 36 Angular motion oi ulouty 1ft tho rw I finest xvlUi whloli 
n body iovoWo«— a «hng, for example) , or tho ipeod with which a point on 
tho lurfaco of thae-irth perlormi lts dully rotation about ltd nxb 

Notf 88 p 37 Baploccment qf JttpUa'a 07 bit 1 ho action or I ho 
plnnrtB occuioni wouLar varhtloni In tho petition of Jupltor'i orbit, 1 O, 
Hg 82 , without a footing tho piano of Mb equator J r Again, tho aun mid 
ftatol litas themJOlvoi, by attracting ilio protuberant matter al 111* cquitor, 
change tho poiltion of tho piano J E without nfkcting T O Until of tlicw 
oauio perturbation i In tho motion* of tho satellite* j 

Notp 89 p 37 PiroMw, with regard to Jupltor, la a retrogrado 
motion of tho point where tho line* J 0, J E, lnUrtoct, dg 22 

Not* DO p 38 Synodic ntoilan qf a t atellile Itl motion during tho 
interval Uotwocu two or Ui couwuitlvo cclipica 

Noth 01 p 33 Opposition A body ]■ ardd to l>o In oppdiltlon when 111 
longltudo dUIbii irom that of tho tun by 180® If 6, dg 81, ba thoiun, 


rig 21 



h 

and B tho earth, then Jupiter li In apportllon wlion at O, and In oon 
Junction when id C In thao portion* tho throo bodies aro In tho unio 
straight Hue 
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Notp 02 p SS TcUpiti thi 
satdMci I ot S, Og S > , bo tho aim, 
1 Jupiter, and a B h bla abattoir 
I at the cm lb bo roo\ltig in Ha or* 
bit, In the direction F f A 11 T II, 
nnd tho thlul sulallllo in tho di- 
rection a b m n When tho earth 
It nt 1 , tho aalolllto, In raos In g 
through tho ftto a b, will vanlili 
At a, and ro appear at ft, on iho 
aninc aide ot lupltor If the earth 
bo hi It, JupUoi will bo In oppoil 
lion, ami then thoanlolllte, In tnov 
Infl through tho arc ti b, will vnnUh 
cloict to tho dlic of Iho plonot, and 
will reappear on Lba other ahlo of 
If Hut If the Mtolluo bo moving 
through tho arc in «, it will ai>pc ir 
U) put* ovor the U lac and ogllpio the 
planet 



Kerrr 03 pp Sfl 51 MerM/an A lorrettrial meridian U a lino paulng 
rouml the earth imd ilnough both poloi In ovory part of It nnon 
happen* at iho §nmo Inilntit In figure* 1 ami 3, tho llnoi N Q S ami 
N <J S arc merldlaui, C being Iho eeiUro of tho earth, nnd N 3 lu axjg 
of rotation Tho meridian pawing through iho Obaerraloty at Green- 
wich li aaaumod by tho Biiilih na n fixed origin, from whtnoo tone* 
trial longUiulei aro measured And at each point on tho lurfaco of Ihc 
omlli pa«w through or a ooraploto oirelo, In twenty tour homi, 
at tlio rati of F 0 In an hour, tlmo boeomofl a rcprotentallvo of angular 
motion Hence, ir tho ecllpao nf a satellite Uapponi at any plioo at 
eight o'clock in tho ovoning, ami the Nautical Almanac ihowi that 
tho untie phonoinonon vrill take placo at (iToonwloh nt nine, tlio plaoo ol 
obaervatlon will bo in l&o of wott longitude 

Non 01 p 39 Coi\jHHetlon I ot B bo tho mn, fig 21 , E tho earth, 
autl 1 O V U tho orbit of JupUtr 'Ihou the tcllpaw whleli happen 
vrtion lupllor la In O.nroioon 1 6m 20 ■ sooner than Uiobo which tnko place 
when the |>Uuu ki In C Jupiter U In unijunction whon at C and in oppo 
Itlou tthui In 0 



4AG 


NOTTS 


Notp D5 p 40 In the diagonal, &c wlio llio 
Hoe A a, 6g £9 j 100,000 tlnrn longer than A B, 
jLRutor’B trua place would be 1 m tbo direction A S', 

Iho diagonal oftheflguro ABS’S, which la, of 
course* out of proportion 

Note 06 p lO A hn ration ught Tho cole* 

tial bodice iro eo distant, that iho rays of light 
coming Irom them may bo reckoned pmalftl 
Therolorcj let S A, b' B, flg SO , bo two royi ut 
light coming from tbo mn, or a planet, to tho earth 
moving In ll« orbit in tho direction AJ1 If a 
tolotcopo Uo hoW In tho direction AS tlio my S 
luitcad of going down iho tube, Will Jraplngo on 
jti ildo, and be lost In consequence of the toleicopo 
lxring carried with tho earth in tho direction A B 
But trtho tube be field m tho position A r, to Mmt 
A B i* to A S, a* tho velocity of tho earth to the volnolt) of light, tlio my 
will pan through S' A Tbo itar appeori to bo In tho direction A V, 
when It rmlly La in thodtrLOJon A S, hem.o thd angle t» A b fi tho angle 
aberration 

Noth 97 p 41 Density pioporthnal to clathaty lho rooro a fluid, 
fuoh u atmospheric alr t j» T( _duoed m dtmoiulom by pienuro, the room It 
lOtliU tbo pressure 

Norr 98 p H Oscillation* of pendulum ictardcd If n ojock be ear 
nod from the polo to the equator its rate will lw gradually dlmlnl«hed, 
that is, It will go ilowoi qnd aloiyor, beoaino tlio centrifugal force whlLh 
Increaio* from tho pole to Iho equator diminlihd tlio ioru> of travlty 

Notf 99 p “H DuJurbntg action Tho disturbing foico mU here ill 
tho Tory lame mannor ai In note G*, only that tho disturbing lxxl> d, 
fig 14, li thoiun, S the earth, and p tho moon 

Ncrrv IDO PP 45 47 105 Poilgec A Greek word, signifying mund tiro 
eaith Tho perigee of tho lunar orbit 1i the point P, fig <? , xvhoro tho moon 
la nearest to tho earth It {.onosponds to tbo perihelion of a planol Sonio 
times tho word U nied to dumbs the point whore the sun 1* ntrarut to tlio 
earth 

Note 101 p 45 Deletion The erection la prwlUcod by tbo action of the 
rubai force In thi- direction bp, flg it, wbloh somotimea lnuoascs and 
sometime* diminishes tho oarth’i attraction to tho moon It produce* n 
corresponding temporary ahango cut tho osteon trie I ty, which rariot with tho 
portion of tlic majoi axis of the lunar orbit in ro*p*U of tho lluo B tf, Join 
log tho oentre* of tho earth and tun 

Not* 109 p 45 Variation Tho lunar perturbation mllcd tho mrlailon 
Is the alternate a cue] ara Mon md retardation oi tbo moon In longitude, from 
the action of tho tangential fbreo She 1* Juki derated in going from qua 


Sfl 
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dralurct In Q and D, fig H , lo Uio points G and 0, caj syiygioj, »nd is 
retarded in going from the sjvyglca C and 0 lo Q and D Again 

Noir 103 p 46 BqwreqftiniL If tho times Increase at tho rate of 1, 
3, 3, I, years, or hundrodi of yoaro, tbo squares of Ohj limes will bo 1, |» 
Dp 10, yosri, or hundreds of >om) 

Nnn 101 p Ifl Menu anomaly Tl» mean anomaly of a planet is Us 
411211111 distance from tho poTlbolion, supposing it to movo lu a circle 'ihc 
true anomaly n Its angular diatom o from tho perihelion In Its olUptlcal or. 
bit 1 or example, In fig 10 , tbo moan anomaly U 1H m, and the truo ano 
niflly is P 8 p 

N<rrp 105 pp 40 81 circumfcrtncts Tlioro aro JoO degrees, 

or 1,696,000 iixonda. In a drumifcronco j and si tbo Deceleration oi tbo 
moon only Increases at tho rato of ll f/ In a ccnturj , It must be a piodigloiu 
numbor of ages before it nummulatos Lo many circumferences 

Not* 100 p 50 Fhatrt qflho moon The periodical changes In the en 
lightened parL ot hoi dlso from a crescent lo a olrclo, depending upon bei 
position with regard to tho sun nml otrth 

Non 107 p W Inna) ttilpte let S, fig Q7 , bo tbo sun, T tho earth, 
and w* the moon Tho spua a A b Is a section of tho shadow, which 

<, llgSl 



liai tbo form of a couo or sugar loaf, and tho ipAces A n e, Aid, nro Uio 
penumbra llm axis of Uio cairn pawos lluough A nrnl through L and S, 
tho centres of tho sun and oaithj and n m n' la tbo path of Ilia moon 
through Uio shadow 

Nuth 1CM p fO /Ippa} ml diameter Tho diameter of a cdoitlal body, 
ns icon from tbo onrth 

NmvlODp'il iVninw&m 1 ho shadow, or Impel feet druknoii, wliioh 
prvtodcs uml iollowa an cUIihc 

Nutp 110 p fil SqnodiorrvoJailonqf tho moan The Umo bolwotn two 
Lonwcutlro uow or full moons 


Noth 111 p,Cl Horizontal nyYactiau *lho light, In comlug from a 



448 


NOTTS 


c^edlal object, iihont Into ft cnrvoni soon n»tt entori oiiralmoiphoro, and. 
ihat bcndlug ii grcatott when tbo object Li In tha horltoa 

Notp 11S P 53 Sojar ecilpsf Lot S, fig 38 , bo tho inn, ni tlio moon, 
And E Uio earth Uhen a ill/ 1* tho moon'i *hadow> which gootoUrac* 

rig 98 



oollpiefl a*mall portion of tho earths iu rf aoo nt r, and aoraetlmcaftllfl ihort 
or It To a peraou nt t, Jn the centre or tho ihndow, the collpfto may be 
total or annular Ton pcnwi not in tho oentro of tho ihadow ft part of tho 
*un will bo eollpied, and to ono At the odgo ortho ilmdow lliorc ulll bo no 
ecllpie nt <11 The *p*cea r b E, F a E mo (he penumbra 


Note 315 p Fiom the exliemltfci, ftc If tho 
length of the lino it b, fig £0, bo moanired, lu loot 
or fathom*, tho angle* 8 5 a, S n A, can bo menmred, 
and then Uie anglo n 8 b Li Jmov; n, whence tho longth 
of the lino 8 C may bo computed a 8 b U the parallax 
of the q^ml 8, and It La clear that tho groator tho 
dlitanco or S, tho leu tho bate a b will appear, bocauio 
f bo anglo a 8" b U len than a Si 



Nora 114 p 56 jCvfrppnrtlrk v>lll duo Ibe a circle, $c If N 3, flg 5 , 
bt the axli about which tho body molvoi, then parllcl« at B, Q, Ac will 
whirl In tho oirolei B Q A a, Q E g D, who»o coutroi nro In tho oxl* N b, 
•nd their piano* parallel to one another lboy oro. In fact, pornUeli of 
latitude, Q E? D being tho equator 


Not* 115 p 56. m/broc qf gratify, Gravity, it tho oquator 
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idi In tho direction Q C, flg 80, Wheroti Iho direction or tho con 


rig 30 



tiifagnl forco is o\nclly contrary, bolng In tho tllracilon C p , hence 
tlio tUflbrtmco or tho two Is Iho force called gnvltntlou, which makes 
bodies fall to the surfmx) of tho earth At any point, in, not at tho 
equator, Iho direction of gravity li mb, perpendicular to tho surface, 
but tho centrifugal force acts perpendicularly to N S, tbo axis of rotation 
Now tlio cfllct of tho centrifugal force li the tamo ai ir It worn twoforcoi, 
ono of which, noting In the direction b in, diminishes tho force of gravity, 
and Another which, acting in tho direction m /, tangent lolheuirfhQo at*», 
ur^cs tho partlclof towards Q,wh\ tend* to i well out tho earth nl tho equator 

NorrrllG p fif7 Ilomognicou* watt A quantity of matter, every whoro 
of Uie tamo domltv 

Ncttp 117 P 53 JTlllptold qf tcwlelion A solid fbrmod by tho revo- 
lution of on olllpio about Us axli Jf the oillpso rcvolvo about Iti mlnot 
axil Q D, flg 0 , tho ellipsoid will he oblate, or flattened, at Dio polei, like* 
an orange If tho revolution bo about the greater nxli A I>, tho ellipsoid 
will Uo prolate, Uho an egg 

Noir 118 p 68 Concentric elliptical tli-aln Strata, oi lay exi, having 
an oUlptlcal form and tho larao eonlro 

Noth 1 10 p 68 On Uie tobolt, S(C Tho lino N Q S q t flg 1 , ropwtqnt* 
tlio ellipse In question, 1U major axis being Q q, IU minor N S 

Ncm ISO p 60 Znaeatc in the length Of the utdil, Tho radii gra 
dually InercMO from tho polar radius C N, flg 30, which li least, to tho 
equatorial radius C p, which Is gioatott rhort Is also nn increase in tho 
length* or tho art* corresponding to tho aatno number of degrees irom tho 
equator t(j Uio polcra j Ibr the anglo N C r being equal to q t <1, the oillpllcal 
nro N r Is greeter Limn q d 
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Noth 191 p 50 Cotine qf latitude TJio angle* w C rt, m C b, fig 1 , 
being tho latitude* of the point* a, A, &o tho ooilnoa aro C q, C i > &e 

Noth 192 p 60 An aio qf the meridian Lot N Q 8 q t Ag 30 , bo tbo 
meridian, and m n tlio nro to bo moaiutxd ihon lr /' to, & n f bo vertical!, 
or Hoof perpendicular to tho suHhco of tbo cirth, at tho ostromUio* of tho 
nro m n, they will meet in jj Q a a, Q b to, mo tho latitudes ol tho points 
m and w, and their dUflronco la tho angle to p tf Since tho latitude* nro 
equal to tho height or tho polo of tho equinoctial aixwo tho horirou of iho 
phce« m and n, the angle vi p fl may bo found by ob*orvntlon When tho 
diftauoo to n Li meaiurod in foot or Htliomi, find divided by tho nmnhor ol 
degrees and parti ol a dogroo contained In tho anylo w pn t tho length of an 
arc of one degree li obulivod 

Noth 1£3 p 60 A toiesqf ti laugh* Lot M M', fig 31 , bo tho morl 
rig 3i 



dlan of any place A lino, A B, ii mowurod with rcwl l, on level ground, o 
my number orfithom*, C being lomc point icon from belli end* oflt Ai 
two of tho angle* of the triangle A B C onn bo moaaurcd, tho longthi of tho 
aide* A C, B C, cm bo computed, and If tho nnglo to A B> which tho but 
A B make* with the meridian bo measured, (ho length of tho aide* B to, 
A to, may be obtained by compulation, bo that A to, n entail part ol Iho morl 
dlan, li determined Again, if D bo a point rlilblo from tho oxtromlllei ol 
the known llqo B C, two of tho angle* of tho trMoiglo 13 C D may bo moniurcd, 
and tho length of Iho aidoi C D, B D, computed rtion if tho anglo B to to' 
be meaiurod, all the angle* and tlm ftldo B to ot Uio trianglo B to in’ aro 
known, whence tho length ot tho lino to m' may ho computed, io tJmt tlio 
portion A to' of tho meridian li dotorralned, and In tlio larno man nor It 
may be prolonged indefinitely 

Ncrruiai pj> 61 03 Tke tqttaie qf the tine qf ike latitude QAto, 
flg 30, being iho latitude of w, em ii tho *lno and be tho co*lno Tlion 
the norabor expre*dng the length of a to, multiplied by ittolf, la tho iquato 
of tho alno of the latitude , and tho number oxprowlng the length of b r, 
multiplied by lUelf, Ii tho aquaro of the cosine of tlio latitude 

Sot* 195 p 64 A penduluvi 1* that part of a olook whloh iwlngi to 
and fro 
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VotbISA p 67 Parallax Tho anglo aSA, (lg 29, under which we 
view an object ah It therefore diminish oi a* (ho dlitanco incrcn*cj Tho 
parallax: of a colcztlal object Li tho angle which the radiui of tha earth 
would bo loon under, If viowod from that object Ixit E, fig S3, bo tho 


FlgX , 

f 



centre of tho earth, E II, its radlui, and wUO, tho hotiimn of an ob 
aervor at II Then, IIwiEIj tho parallax of n body r», tho moon (or 
example In meaiuro, o* tn rlica higher and higher In the hwvoni, lo tho 
point! m\ «»", &c tlio parallax II m 1 E, II w" L, &o decroaiM At Z, tho 
irralth, or point Immediately ahovo the head of the obunror, it ii ttjro, and 
at ut, whore tho body 1* In tho horizon, tho angle II m h U tho groaUai pos- 
sible, and li called tho horizontal parallax It It oioar that, with regard to 
edeatial bodlc*, the wholo aflbet of parallax !■ in Tortloal or In tho 
direction «* m ' Z,andaiapor»on aUlieo*™' In tho direction H ttf A, when 
It really la In Urn direction Liw'JB, It makes celwtUd object* appear to bo 
lower than thoy really aro Tho dlitanco of tho moon from tho earth ha* 
boon iletenulncd from her horizontal parallax Tho angle £t» II can bo 
mcaiurod ElIfH li a right angle, and EH, tboradluiof the earth, ii 
known lu mile*, whence tho dlitanco of the moon Ew» ii eaiily found 
Annual parallax l» tho anglo under which tho diameter of tho earth’* orbit 
would be *een, if viewed from a itar 

Harr 127 p 08 Hit radii n G, flg 3 , are equal In any one oa- 
lallol of InUtuUo, A a B G, thcroforo a ohango in tho parallax observed In 
that parallel cmn only arii^from a ohmgc In tho tooog’j distance from tho 
earth j andwlien Iho mean li at her moan dlitonra, which Is a eomlant 
quantity equal to half tho major q xIb of hor orbit, a change in the parallax 
observed In dllToront latitude*, G and E, muit arlto from tho dlObrouco In 
Ilia length! of tho radii n G and G E 

Kotb 128 p 68 IWifn Venn* (t i* her nodti She muit bo In llio lino 
N 8 rt, whwo her orbit l’HAn out* tho piano of the collptlo L N c n, fig 
IS 
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Note 190 p OS TUc Une dcsct ibe<l t $o Lot E, fig 33, bo tho earth 
rig S3 



Stlio contro of Iho inn, and V tho plrmot Venui Tho real transit of the 
planet, icon IVora E tho centro or tho earth, would bo In tlio direction 
All A ponon at W would ico It pats o\cr tho urn in tho lino v a, and 
« perron at O would too It more aoro« him In tho direction &n f 

Kott 130 p tfl Kcplcr'i *rco?td /mu Suppo*© It woro required to 
And tho distance of Jupiter from tho sun Iho periodic limes or Tupltoi 
and Vonui aro glvon by observation, and tho mean dUtanro of Venus from 
tho contra ortho sun Is known in rallet or terrestrial null! \ tbeioforo, by 
tho rulo of throe, tbo square root of tho porlodlo tlmo of Vonui 1i to tho 
square root of tho porlodlo tlmo or Jupiter, as tho oubo root of tho moan 
(liitanoo of Vonui from tho mn to tho trnbo root of tho moan dlilanco or 
TupUor from tho fun, which ii thiu obtained In miles or torroitrlfll radii 
TTic root of a number it that number which, onco multiplied by llielf, 
glroa I ta square; twioo multiplied by l Uoir,g l vm Ui cube, &c loroxample, 
twlco 2 mo 1, Hud twlco 1 am 8 2 ii thordoro the iqaaro root of t, and tho 
on ho loot or8 In the umo mannor S times 3 nro 0, and 3 times 0 aro £7 , 
3 U thoraroro tho iquara root or and tho oubo root of 27 

Notp 131 p 71 Invert^!/, f(c Tho quantities or matlor In any two 
primary planets, aro greater In proportion ai tho ouboa or tho numbers 
representing tho moan dlitanaoi of their inlollltcs mo greater, and alio In 
proportion as tho iquirca of tholr porlodlo limes aro lwi 

Noth 133 p 7« The *um of tho greatest and least dlitnncc*, SP,S A, 
% IS , li equsl to P A* thomnjor axis j and tholr di flbronoo U equal to twice 
tho exconlricity C 8 TholongUudo^S P of the planet, whon In tho point 1\ 
at lti least dbtanoo from tho sun, Is tbo longlUido of tho perihelion The 
greatest height of the planot above tlm plane or tho collptic 1 Nr«, Is 
equal to the Inclination of tho orbit P N A * to that pLano Tho Iongilndo 
of tho planet, whan In tho piano of tho odipUo, con only bo tho longltndo 
of onoof tho points N or n, and whon ono of those points Ii known, tho 
olhot l| ghon, being 180° distant from tt Lastly, tho tlmo Inahidcd bo 
tween two oomeoultve paassges of the planot, through tho snmo nodo N or 
if, 1 Ii Its periodic Urao, allowance being mado fbr tho rocoss of tho node In 
tho Interval 

Noth 133, p 70 Suppose that It wero required to And the poiltlon of a 
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point In tpaoo, ai of a planet, and that ono Qbiorvatlan places U In «, 
Q g 34- , another oh K-rvatl on places Itln n\ l‘R «i4 

auothoi In n ,f t and to on , all the point* 

**, 6tc , being very now to ono 

anothor Iho true placo of tho planet 
V will not dllllr muth from any Df 
lhe*o pntllloni It li evident, from Lhli 
vlovr or tht. inject, tint r a, P P if', 
am the error* of obionratlon Tlio 
truo position of tho planet P li found 
by lhli property! that Iho iqunro* or Iho 
numbortrepTOrtiuing tho line* Pm> Pit', 
tu, , when added together, U iho least pondblo Each lino P «, P n' t 
bolng tho whole error In tlie pUco of tho planet, ti mado up of Uio error# 
of nil Iho olemont*, awl when compaiod wllh tho errors obtained from 
llioory, it afibrdi tliomcnui or finding eioh fbo principle of looit Kjtwroi 

1« of very gouornl application j It* doiuomtrnllon cannot find a placo horo, 
but the reader U roferrod to Blot'i Autonomy, \ol 11 p £03 

Hoi f lid p 78 Wn at/t that, $c Tig 20 roprcient* tho oarth revoking 
iu It* orbit about Ibo »un in B, the q\li of rotation, P p being ovoi y whore 
par all Ql to ItaUf 

Notp 135 p 78 AuRuln) wloclUei that ara etn slhly nw/om» J.ho 
earth and planUs revoHo about their axes, with an equable motion, wh lei i 
la never either tarter or ilower Tor oxamplo, Lho longth of tho day J* 
noYor more nor lea* than Iwoniy foui Uoun 

NotkISG p 80 SomoaitroncimcnatbrmlhaUboroareiQYerBldWUloin 
lh tbo ling , a itatouumt that require* confirmation 

Noip 1S7 p 82 If fig 1 bo thcrooon, her polar diameter N 8 n th* 
ihonait j and of thoio In tho piano ot tho equator, Q E q } that which point* 
to tho with U greater than nil tbs otlieu x 

Non* 138 p 88 Intatdy piopofflonal, ftc ThaLli, tbo total amount of 
•oUr radiation be^omo* lot* at the minor nxU C C', fig 2U , of tbo oniLh l i 
orbit become* greater 

Noth 180 p 00 Tig 35 TOpreaent* Ftg 35 

thopotlllon of tbo apparent orbit of tha 
§un ai itl» nt pro«onl, the earth being lu 
E Tho tun 1* ncaror to Uio larth lu 
movlug throuBhJi.rT> than In moving 
through T A «cw* but It* motion through 
^P^Y 1 Ut^oro riphl than It* motion 
through <Y* AjDo, frnd w tho iwlflnw* 
of the motion and tho quantity of bent 
received, vary In tho iamc proportion, a 
cmuponaatlon take* placo 
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notes 


Note 140 p 02 In an dllptold qf taifoJttibn, Hg 1 , t-ho point <Iiametor 
NS> and every diameter Ip tho equator, ?EQe rtro permanent nxoi of 
rotation, but tho rotation"^ on Id ho uiutablo about any othor "Woro the 
earth to begin to rotato about C<Tj tho aognlor dlitanco from a to tho oqun 
tor it q t would no longer bo ninety degree*, which would ho ItontodlnWy 
detected by tho ohango it would occMlon In tho Inlttudcn 


Notr 141 pp 65 q7 Lei q TP Q, and E <Y> e, Off 11 , ho tho plenci of 
tho equator and edlptlo. Tho angle ef<Y> Q, which aepaiatee thorn, called 
tho obliquity of tho ecliptic, Tarles In conioquoneo of tho notion or Ihc 
•un end ro<xm upon the protuberant mador at tho oarth's equator Jhal 
action bring! the point Q toward! r, and tends to iruiXo tho piano q ^ Q 
udnoWo with tho ecliptic -which cainoa tho equinoctial polnlu, T 1 

and =C*, to movo ilowljr baakwnrda on tho piano c *V E at tho Mlo *>f 
50" 41 annually Thl! part of tho motion, which depend* upon iho form of 
the earth, rs called luiilaolarprecoulon Another port, totally lhdopondent 
qf the form of thoonrth, ntlaea from lha mutual action or tho oM Ih, planelli 
and run, which, altering tho portion of tho piano of tho edlptlo c <Y>I , 
cauiei tho equinoctial point! HP and fQ, to advance nt tho rato of O'' 81 an 
nuallyj but aitbli motion ii much lfti than iho former, tho oquinorllirt 
point* recede on tho piano of tho ccllptlp nt iho rpto of CO"' 1 annually, 
JThl! motion ti called tho procettlon of Lho equinoxes 




Not* 142 pp 70 99 Ltt 
jTO, flg 86, bo tho 

piano! of the equinoctial or 
cel wt Lai equator and ecliptic, 
and p,P, their polo* Than iup. 
poie p, the polo of the equator, 
to revolvo with n tmmuloui or 
wavy motion in tho hUJo olllpao 
p adb In about 19 yoari, whllo 
tho point a Ii carried round in 
tho circle a A D In $5,868 yean, 
both motion! being rory irnall 
Tho trcmulcnji motion tnay to* 
preaent tho halfyoarly varla 
tlon, the motion In tho ellljHo 
give! an Idea ofthennhtlondi* 
covered by Bradley, and tho mo- 
tion In the circle a AB arlioa 
i>om the p roc cation of lho 

IS^EiX 0 ^l° l0r rtl ” d ot lhe mfll “'"I* 5 *• ™' a > "« minor 

>, »>wi T 6 ”* nio * lo ® t aTe 10 ■wall, that they have vory Utllo 
of (ho earth’iroutlon during Itimolu 
,'h»* "S'? 00 '" 1 1" 1* » A. tho itnr. ,n fixed, thl, 

n^motlon In tho polo of tho evlh most oxmo in apparent ohango In tholr 

Nonlls p icu Jjt N oe (he polo, flj ]) e B th<f oollptlo, tfid Qg 
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>' * <*' ' • b ■s a « nMhlkn^nd »t HgliUmimo On 

Pj I t Pi f f <l d» l»u U fell l>5J fl|C ( n 

ii l» t I * /* ■> Mtt 4 t \Shpii tin* ilir npi>caTi In 

' f ■ 1 ,* I'UU- UKW* ll.r ltlhi* i-OllC inn 

■u dt f l<r f ft V f \ - * A; *i ’ , I* Hip m^hthiI mbit or ^Ui 
HI ** 1 1 I ll* m*>TT tk\i% % A l l , U ll IHVlillt iHUllc 

i* i »' r t t*t ^* 1 *- O* * 1*1 r** 1 * 1 ^ V li Iwiwi m Hie toliOi© (if 
* v*» i m *r 4 » > k v 4 »^***if Owl Oif tirnpunii? urn 1 * iiamRi! 
I J < c » v * *< ( \ H 0 i# Orf Own Oh? limp hr UVn in yo t )irnii|^li 

i m - V t 1 U m< i M' ctniKhkil vtllh ,i > On* llnu i>1 Uto 
» Hi* «*m» hrtMP 0 s> l MlilWn cns mi llul Umc l' wni liUliu 

^ \ _i 1 t ** h * f Ubr i tiit*i *n *ri, iltn 1 ‘ will iirtncliU Vfllll 

t l« > »H V n i^*r AM*wJUi*t|**inUruUr lo>Y^V, ninl Uioix l' 

I*** « IK# "*l| I. 


■s <«* It* 1*10 4J rt,*r HimrlhcilcrllttMlmi of* lolcitlnl 

» ■** i. t Uf 4 turn! lll»» r4nHH*lU1» lilt* H*s llnullon of Hitt 
rf m *(,^*1 im ihp Ate y c, tt« ll , wlikll imMurci Iho tfo 

I jr D n'«» ^ Kj M f»u^Mlif Jiiuifr^Kf llib |)Uiu* l Y , i , »n. from ihc 

ru 


i l 1 fJt*j *■ i« Utn »tigular ilhotm t' nf a uluilfil 

< ti ndi | * m.i »v> c O ik lii *d »>f in lAni mr 


t im * K -r f < ^ / *w k/iv k»i du» fnrea of umiu- 
i ft m ii>< i , nir * f Uif il«ifp iho iiirftoo or Oio otrlH 

- ***** * i*wi 4 p* , *WhfHH ikmrfuii hlih (ftuindj and III orUor 

j* »aw .***5 mf U*«l rtmimiOutCP*, U U mroownry (u 

tit* *ty t | ivrrw t|*h tV(M «»ruwi rurUjr iMk^ Hflj'IOd TlUrRlloill 111 n moRii 

Wm «l IW k# tve im 


%i r# 10 ^ ^ li ■ ftHirih |«rt of n 

toff)#*. ( «i *h i T « m#rwiup t<mU>oiti| WJ 0 , m N U, H| 11 


K/fili y>Wt wbftffttf [h? mrth li *1 HiofrIo ntlBO® 

m »4<hw b ^ ub ih i* u»» iinwi inrlmUtl Iwl^wii Hip itxiMfiot of llio 

*»>1 blwU'f tpHWUW 


i pin ir hi* itipooh, fix M , d *ml r Q nmh* 
n »r* iho lyini^ Whbii Uiomotm li now 
I** 4 «m *1 | *iP *4 flirt ii *1 0 1 rihI m Uill! urn ntnl ithwii nro Oit*n 
t* 1^4 u f »«!*** iHfl Udw. U iMlilpf lilHll WM«f 

*1 II, wMl* ll I* kiw W0i*r fli \Umv iimlor y Riul II 

nL Ir*^ k-iMiHi 0*» unnhi U In ijiiRilrilMro «t u or D, for 
r* a <> !>%io IK» Min by lli* 0Hj^ rf MJ, irf d Hl)» oicll nr l¥hlt h 

w 


I i ll\ 1 ^ If Oio OMlh Ui In <0 (III H I 

ti a 'V 
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NOTES, 


lr^Qbc Um^ulnoctHand NmSs morirtJan, then mCn li the ilc- 
clln&tlon of a body aln ThtJTeloro tho coatnoof that anglo La tho coelno 
of tho dooiLnation 

Note 153 p 118 Aloon’t touting Ttio tlmo when Iho moon la on tho 
meridian of any place, which happen* about lorty eight mlnutci later overy 
day 

Notte IBi pp ISO 150 flg 37 Show* tho propagation of wavea from two 
points C and C\ where atonca aro aupposod to hare fcUon Thoio point! In 
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which tho war oi croii each other aro ttmplaoei whoio they counteract each 
olhor 1 ! oflboti, so that tho water 1 1 smooth thoro, whllo it If agitated In 
tho Intermedia le space* 

Noth 155 p 121 TV aulryygaljbrcamagi $p TliO conlrirugal fbreo 
Mta In « direction at right angles to NS, tho%\Li of rotation, fig 90 1U 
oflbet* aro equivalent to twoforcoa, one of which l» In tho direction btn 
parpendloular to the mrftco Q*n n of tlio earth, and dlmlnlihoa tho forco ol 
gravity at w Tho other acta In tho direction of tho tangent m r, whIUi 
makci tho fluid pvllolei tend towarda tho equator 

Notf 166 p 127 Jjuilffhcai/brmuta, or erpreuJon A oomUlnfllion or 
aymbola, or slgna, oapreulng or rcpreiontlng a mrlea of calculation, nnd In 
eluding every particular oaw that can oriae from a general law 

Note 157 p 191 Tlatina The liMWoal of metalij lta colour U boLwoui 
that of filver and lead 

1^h 158 p 19S Tig 38 ra a petfkci ovtafirdron Sometime* lta angloi, 
A, &c are truncated, or out pfi 1 Sometime* n ihco li out ofT 

lta edge* A a, Xa, a a, &o Omalonally both thOM mo dill cation* laho 
plaoe, 




^ri q 


457 


rig 53 , 


A 



NtfielGO p ]3S PrumQtla aryitnli or aulplialo of nlofad arotoinowluL 
IIKo fig 02 , only that thoy an> thin, liko k hair 

Nair 1G0 p 131 ZlnCi n motal alUior found ns an ore, or mixed with 
othor moUli It U uicd In making l>rai* ( 

N<ni 101 p 135 A c^liaaoHdumlAmedbyilkpUnoiquaroiuifticM, 
at flg 39 


Tig 39 Fig K) 



D 


Ntm* 102 p 135 A Miabtdron la a lollrt ronUlnml by tout triangular 
lurftieij of fig 10 of llili lolld there arc many t aiiotloi 

Noip 1G3 p 135 Iboro Ate many vnriotloi of Lho oatnlmilron In that 
mentioned In the to*t, lho baao tiaaa, fig 38,li a aqua re, but tho bnao 
may Ixi a rhomb , tbla aoUd may alto bo elongated In the dlrcollon oflta axli 
AX, ov it way bo dopretawi 

Nora 101 pp ISO 229 A rbomboh^ton la a aolid umtaluoa by six 
piano aurfacoi, m In fig 03 , tho oppoalto plane* being equal and ilmllar 
rhombi parallel to ono another j but all thoplnnoi aro hot hiccuatily equal 
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or ilmllar, nor aro Iti anglei right anglci In oorboiulo of llroo tlio angle 
C A B la 105® M, and tho anglo J1 or C li 7ff° 0& 

Notp 165 p 136 SHbilmaflon Bodloa laUed Into vajwm which li 
again can domed Into a aolld atato 

Note 106 p 137 The ourftco of a co 
luran of water, or iplrit of trine In a oapll 
Larj tube hi hollow , and that of a column 
of quicksilver ii convex, or rounded, as In 
flg 41 

Note 167 p 137 Inaetfe totlo, 4^ Tho clovntlon of tho liquid la 
greater, in proportion m the Internal diameter of tho tubo la Joei 

Note 168 p 139 Tn % U, (ho lino c <1 aliowa tho direction of tho 
rein I ting force In tho two uwa 

Note 169 p 130 When two plsfoa of glow nro brought near to ono 
anotliu In water, tho liquid Hum between them, and If tho pbitoa touch 
e*ch other at ono of tbeir upright tdgta, tho outline of tbo wntor will 
become an hyporbola 


rig u 



Nora 170 p 140 Let A A', Ag 42 , be two pi a to 1, both of which arc 
wet, end B IV, two that are dry When partly limn cried In n liquid, Iti 


r,g 42 



tnrhoe will bo curved oloio to them, but will bo of lta uiual lovol for the 
reetoftho dlatence Atauob a dlilaaco, they will nollher altrnct nor repel 
woe another But u toon a* they ore brought near enough to have the 
whole of the liquid turfioe between them curved, ai In a n, b t> , thoy will 
null together If one be wet and another dry, ai C C, thoy will repel ono 
another at a car tain <JU tan ce, but aa aeon si they nro brought very noar, 
they wlB ruah together, u in tho former oai« 


Nor® 171 p 155 LaU*lkm There ti a certain quantity of heat in 
all bodlet, which cannot be delected by tho Lhanuometor, but which may 
beootoe mralble by ooropnplofi. 




fcOlTB, 


459 


Norr 172 p l£0 nqfltctcrf wives A icriei of wave* of light, iminihor 
’untor, dWer^o In all illicctioni tiom thoiT origin I, flg KJ ,na from 'lusntro 

hg W 



When thoj mod with an obatido S S, they ilrl^o *i 111141 *"* 

reflated or turned Uatit by It to the imno form, at If Uioy hid 

from Llio centre C, at on oqinl dutanco oil tho othor ride of the lurfaco 3 a 

Norp 173 p 160 rihplicfi) tteU If fig 6 bo a tecilon of ah dilpUcal 
•ll C l| t then all toumli coming from UiQ fomu 3 to dHlorcnt polnti on «« 
turfocc, ii are reflected hack to T, becaujo tbo angle Tm a U equal to 
l m I III a ,jdicriwd hollow ihell, a ipund diverging from tho centre n 
reflected back to Iho cenLw again 


Ncmttfl pi® ng 4i ropmenti muiloal rtringi in vibration, th« 
1 tg 44 


mm Hum arc Iho Mm whan at w.t Iho flm ***£” 

would nWe Uio (hndatnontal note, ai, (hr oxauiplo, tho low 

andllilrd npiroi would giro the flnl aud adeonrt harmonlw , that Ii, the 
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octavo and tho 13th above C, nnn bomg tbo points of rest, and the fourLh 
figure shows Lho real motion when compounded of all throo 

Note 175 p 157 rig 15 ropuwmta icctloni of an open and of a 

Tig W 

n 




abut pipe, and of a plpo open nt one end When sounded, lho air »pori 
tancouily divides iUolf into eegmants It remains at rest In tho division* 
oc nodes « n , &o , but vibratos between them In tho direction oi tho arrow 
lieadi Tho undulations or tho whole column of Mr give tho frmdaraontol 
note, whllo the vibrations of tho divisions give the harmonies 

Notf 176 p 109 Tig 1 plMo 1 ihowi lho vibrating iurfhio whon tlio 
•and dlvldei It Into squires, and fig 2 represents the inmo when the nodal 
linos dlvldo It Into trilogies lho portions markod a, a aro In dlfioront 
»lato« or vibration from Ujom marked b b 

Note 177 p 170 Phte* 1 and 9 contain a few of Chlndn)*! figures Jho 
white llnoi are lho forms assumed by Lho aruid, from different mode* or 
vibration, corresponding to musical notes of dlfloront degrees of pllt-ll 
Plate 3 contains six or Chladnl’s circular figure* 

Note 178 p 171 Mr Wheals ton o*i prinolplo Ls, that vlioti vibration* 
producing tho forms or figs 1 and 2 pinto 9 aro united In tho same sur- 
face, they make the sand Tiiumo lho form of Jig a In tho wmo miuinor, 
the vibrations which would separately oauio tho sand to tako tho forms of 
fig* l and 5 , would make It assume tho form 111 fig 0 when unltod Tho 
Ug 9 results from the model of vibration of 7 and 8 combined Tlio part* 
marked are In different] states of vibration from those marked b t b 
PJfi 1, 3 and 3 plsto4 represent fbrmi which ibo sand takes, In cqtusn 
quonoe of simplo modos or vibration ; 4 and 5 are thorn arising from two 
combined mode* of vibration j and tho last six figures art to Irom four iti- 
perm posed simp le modes or vibration Those complicated figures are de- 
termined by compulation Independent of experiment, 

^onl79 p 171 Fhelong prots linos of fig 46, show the two lyitenai 
of nodal lines given by M. 9a varV* lamina 
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Nott 160 p 171 The short linen on flg 10 ahow Iho positions or the 
nodal llnai on lilt olbor ride* of Iho same lmnlneo 

Norn 181 p 172 lip 17 glvea tho nodal linoi on « cylinder, with the 
Tig 4-7 

l — - - ir ^ - W ' r ' I F- 3 

papni rihga Mint mark Iho qulc*cont points 
Near 182. pp 190, 1B1 187 IhJUctwn rtnd icfractton Let V C p t 


rig 


fig IS , bo perpondhuitai to a iutIogo 
of Rlata or water A B When a 
ray of light, pairing through the air, 
fall* on llili aurfaco lit any dliecllou 
X C, |*rt of 11 ii reflected In iho dl 
roctloa C % and iho oilioi part U 
bent nt C, anil patsos through the 
plow or water In tlio direction C It 
I C Ii oillcd the IncWont ray, and A| 

1 C P tlio anglo of incidence, C S la 
tlio njfloeted ray, ruiil PCS tho 
anglo of reflection C Ell Clio ro- 
flmatod ray, undjiCH iho anglo of 
refaction Tho piano pairing 
through 8 C and I C U the piano of 
ToflNllon, and llio plane pairing 
through 1 V and Cltli tho piano of ro fact ion In ordinary ernes, C &, CB, 
C I, aro all In Iho inmo piano We *eo Iho surface by mcani of Iho re- 
flected light, whloh would otborwlio bo Invisible Whatever tlio reflecting 
inrfaco maybe, and however obliquely the light may fall upon It, thonngle 
of rofloctlonlialv. By* equnlto the anglo of Incidence lhui, IC, I'(, being 
royi incldant on thoiurfoto at C, Umy will i>o reflected brio CB, C S', io 
that tho angle S CP will bo equal to tho anglo ICT, and S' CT equal to 
l'Cr That Ii by m> means tho cole with tho refnctul ray* llio Incl 
donlraji l C, P C, aro bout it C f toward* tho perpendicular, in Iho direr tlon 
C R, G IP, and tho law of rob action Is such, that the rino of tho anglo or in- 
cldonco hfii a constant ratio lo tho rino of tho anglo of refraction , lhat li to 
»ay, tho number oxpmring tlio length of 1 tn, Iho rino of 1 C P* divided by 




* 
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tho number oxpreaslng tho length of E it, the alno of II C p ii tho oamo fbr 
*11 tho rqya of light that can fnll upon tho surface of nny ono aubiumco, 
and Ii called Sti Indoa of relation 1 hough tho index of lcfrmtlon tx> 
tho nine lor nny ono iuImUuoo, it la not tho samo fbr all aubatance* Tor 
water it la 1 S50 , for crown gliu it la 153d, tor flint; ghsa, 16, far 
diamond, 2187, and for chroma to of lead It la 3, which aubatfuico hna * 
higher rofnoUva power than any otlwi known I Ightihlllng perpend I cttlnfly 
on a mr face, pat«?t through It without being refracted It tho light bo now 
auppoied to pan flroro a damn Into n raro medium, ai from glaif or water 
Into air, then E C, E* C, become tlio incident ray* , and In thla code tho re- 
fracted raya, C I, C I', arq bent from iho perpendicular lnstoftd of toward* It 
"When Uvo Incidence la very oblique, aa * C, tho light novor panes Into th® 
air at all, but la toUiUy reflected in the direction G r', ao that tho angle 
p Cr U oqual top Cr' that frequently happen* at the wcontl inrfnco of 
a piece of glan When n ray 1 3 fall* fiom air upon n piece of glen A IT, 
It la In gcncnl refracted at each aurftico At C it la bent townrda tho per 
pend leu lar, and at E from It, and tho ray emerges parallol to I C but 
when tho ray U very obllquo to tho locond anrfHcoj It Ii totally volloctod 
An object uoan by total reflection, Ii nearly a* vivid ai when aoen by direct 
\ Uion, bocaiuo no part of the light la refracted 

Not£ 18S p 18! Mmotpjterlo rtf) adlon Lotah, a b, ifl, flg 40, bo 


Ugi9 



itreta, or oxtrentely thin layer#, of tho atmoaphore, whloh meroato In den- 
sity toward* f* a, the surface of tho earth A ray coming Horn n atar moot- 
ing the aurfhoe of the almoiphero at S, would bo rofraoted at tho aurfaco of 
each layer, and would etxuequently movo In tho curved lino 8 r r t A; and 
as an object ib seen In the direction of the ray that moot* Uio oyo, tho star, 
Wttfqb really u In the direction A 8, wwld khjji to a poraon at A to bo In t 
3q that refraction, which always acta in a vetUoal direction, ralaoi objeota 
ahOro tholr true place For that remon, a body at S', below tho horlion 
H A, 0> would be nuaed, and would bfl aeon In f' Tho aim la frequently 
vlilbl$Dy refraction aAer he ls»qt,or before hols risen ThfliQ Udo rofrnc- 
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Mou In tho xonlth at Z It liiurcaica nil tho way to tho horizon, where it li 
griatcat, the variation being proportional (o tho tangohl of Uio angle* 
Z K S, Z A S', U»o diilance* of tho bodlas b, S, from the aonlUi liio 
moiQ obliquely tho ruyi fail, tho greater tho refraction 

Ntm 181 p 182 flradlei/'i method of amount qfttfrnc* 

(ton I cl /, fig 50 , be. the zenith, or pomt ImraeilUtoly abovo an Qbaorvor 


J'/g 60 



at At lot II 0 bo Uli horiron, and P tho polo of tho equinoctial A Q 
Ilonco P A Q li a right angle A alar m near to tho pole a* i, would ajipoor 
to revolve nbout It, In con*cquonco of tho rotation or Hhi earth At noon, 
for ox ample, it would bo at * abovo tho polo, nud at mUlnlgh t It would be In 
i> bolow It Tho mm of the truo ronilh dlitnncei, Z A t, Z A s', U equal 
to twice tho angle ZAP Again, fe and S' being tho mb at hli grcelett 
dlrtancei from tho equinoctial A Q whin in tho iolitico«, tho ium of hli 
truo lenlth dluauco*, Z A 8, Z A S', la equal to twlco tho angle z A Q 
Coniequontly, the four tmo xcrilth dlitancea, when added logothor, aro 
equal to twice tho right rmglo Q A P , that Si, thoy *ro equal to 180° Hut 
tho obiorved or npimrent «m llJi dlitanoo* aro Icji than the truo, on account 
of rofraatlon \ thoroforo llioium of tiio four apparent renilh dimmed aro 
lou than J80° by tho wholo amount of tho four refraction* 

Noil 185 p 183 Ttrrettrinl i tflneUon Lot C, fig 51 , bo Uio oonlro 
of tho oarth, A an obwncrat It* iurfhto, A II hli hoHron, and B lomo 
dlitant point, a* tho top of a hill Lot thg arc IS A bo tho path or n ray 
coming IVom B to A , ED,EA, tangent* to lU oxtrornltloij and A 0, 
HI, perpendicular* to C A and c 11 Ilowovqr hlgii tho hill Ji may 
bo, it U nothing when compmod with C A, Uio radlu* of tho earth, 
conioqucntly, A B dlflbn ao llttlo ftom A D, that Uio angle* A II 11 and 
A C D arc *ui>plomoMary to quo another j that la, tho two taken togc- 
Uioi arc oqual to 160° Now II A II li tho real holght of N, andE AH 
It* apparent holghtj htmoo rofraallon ralica tho object B, by tho angle 
EA B.aboyo lUroalplaco Again, tho real doprouion of A, when vlowod 
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flora li, !a r B A, wboren* it* 
npparoiit deprcralon Is 1 BE, 
*o r B A J» duo to refraction 
Ihc angle r D A J» equal to 
tlio turn of the angles UAH 
and ACIJ, that li, tho Into 
elevation li equal to tho nim of 
tlio trim depression nnd the ho. 
rliontnl angle But tho true 
donation it equal to (ho appa 
rent olovatlon diminished by 
tho refraction] and tho irno 
dopronlon U equal to (ho appa 
rent deprcaalon, more-iacd by 
refraction Honco talcc thL re 
fraction li equal to tho horl 
rental angle Augmented hj tho 
dlflbrence botucon tho npim 
rent elouitlon and tho appa 
rent dcprwlon 
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Norr 186 p 18* Tig 52 roprtnonla tho phenomenon In quoillon 
S P U the real ehlp, v?l(h Iti inverted and direct imago* won In tlio air 
"VVcto there no retraction, tho rays would como from tho ihl \8V lo (lie 
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oye E In the direction or the rtralghtllne* j but, on account of tho yarfabto 
denilty of tho inferior strata of the atnwphoro, tlia rnyi aro bemt in tho 
curved Ihuj PcE,PdE,8trtE,8nE Stnco an object la teen in (ho di- 
rection of tho tangent to that point of the ray whloh meote tho eye, tho 
point P of tho real ship U ictra at p and j/ t and tho point 8 loemi lo bo In a 
and f j and ai all the other polnU aro transferred in the tamo manner, di- 
rect and Invertod lmagea of the ship are fbrmetl In tho air above It 
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Nott 1B7 p J 8 1- Tir 53 rcproionli , 
llio *citlon of a poker, with the ictraLllcm j 
pioduccd by iho hot air stiuoumlhig It , 


,4 

J v J’ofa* 


Non 1<$ p 188 rheiofai sptct}Ht)i A iay from tho nm at 8, fig , 


Jtg 5i 



admitted Into n dark room through a mull round holo II in a window 
•h utter, proceodi In a riralght llho to n icrcon D, on which it fonrn a 
bright circular spot of white light of nearly tile aamo dlmnoter with the 
holo II Hut when tho rofteollng nnglo B A C of q. gin it prUm li Intorv. 
l>oicd, io that tho atm bc«un fall* on A C tho dm mrfnco oi tboprlim, and 
(merge* from the lotonrt lurfaao A JI at oqual angloi, It cauioi Urn rayi to 
deviate from iho ttralght path 8 1), anil beudi them to tho uroen M N, 
where tlioy form a coloured image V ll of tho iun, of tho Bamo breadth 
with the Ulamolor of the holo II, but much longor Ihe ipico V 0. (oil 
iliU of mvon colour*, ~ violet. Indigo, blue, green, yellow, orango, and 
rod Ihe vlolot and red, bolug tho rnoit and loait rcftimglWo rayi, an* at 
tlio oxtromllloi, and the grtonocoupy tho middle part at 0 Iho angle 
Dg 0 U called the moan deflation, and tho ipromllng ol Uw coloured ray* 
over tho angle Vg U tho dlipDrrion Tho dovlalton and dUporalon vary 
with tho rofraotlng nnglo B A G of tho pilwn, mid with Urn aubttanoo ol 
which 11 |i mado 

Nona HW p 101 Uiidor tho lamo clrouniilancM, and whore Iho rofrac 
ting angle* of tho two priiratarooqual, tho wiglet DjG nnd Vgll, flg 5i , 
11 ll 
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ire greyer for flint glau than for crown glau Dut afl thoy vary with tho 
angle of tho prluii, M 1« only noccwary to augment tho rorracting nnglo of 
tho crown glauprliro by a certain quantity, to produce nearly Uio inmo 
deflation and dlipemon with tho flint gla u prUra Honoo, whon llio two 
pnsmi iro placed with their refracting angle* In opposite dlrectloni, m In 
flg W , thoy nearly noutrellw each others o/ltctB, md refract a ray of 
hght without rctfdfhig It Into Iti elementary coloured riyi Sir David 
Browder hai como to Uio conclusion, that there may he redaction without 
colour by raoa ub of two prltmi, or two lenses, when proporly adjusted, en 
though they bo made of tho same kind ol gtaw 

r»g v 

A 0 

Not* 190 p 19* Tho Object glass of tho achromatic to 
lotcope contisli of 8 confov loin A B, fig W , of crown glaii 
pliccd on tho outilda towards tho object! and of a eoncavo 
totiTOX lcna CD of flint glu* placed towards tho oyo The 
fbcal length or q lom la tho dlitauco of in centre flrom Hu 
point in which tho raya coovergo, aa r, fig GO If, thon, the 
lornca A B rnd C D bo to cornlructed that thoh focal length* 
are in tho *nme proportion oa their dliperilve powori, thoy 
will refract rayi of light without colour 


“Vim 191 p 198 When a aun beam, after haying paired through a 
coloured glaia V V', flg 50 , entora a dark room by two tniall lilts O O' In 
i card, or ploce of tin, thoy produce aUcruato bright and black band* on 
n aorecn 8 8 ' at a little distance Whon either ono or other of tho lUt* 

0 or O' laatopped, tho dark bandj vnnlih, and thoacreon la Illuminated 
by a uniform light, proving that the dark band* are produced by tho In 
Ujrfertmco of tho two iota of roji Again, let II rw, flg 57 , bo o bcim 
of while light paailng through a holo at H, made with a fluo noodlo In 

1 piece or load or ft card, and received on a *creou h S' Whon n hnlr, ox 

a mall illp of card h A' about thoSOth of an Inoh In breadth, it hold In tfu. 
beam, tho ray* hand found on each tide of it, and, arriving at tho hi eon in 
dlflbreot italw of vibration, lntortcro ind form a lerlci of coloured fringe 
on o#oh ildo of « central white bond w Whon a plcco of oard li Inlorpoaod 
at Q, 10 a« U) Intercept tho light which paJiaa on one stdo of tho hair, tho 
ooloured ftingta vnmih ‘When homogenootu light 1i u*od, tho fringe* 
we broad ett ip red, and become narrower for oach oolour of tho i|>co 
hrum progrftwlvoly w tho \ioloi, which giro* tho narrowest and moil 
crowded fringe* Th oi a very elegant expert menu ore duo U> Dr fliomaa 

Tfoilhg- 






Norp 1W pp 205 237 1 Ig G8 riiowa NowtonM ringi, or which ihao 
UQ lorcn, fonnod by growing two lonwa of Jig gs 

Hint* together Provided tho Incident light bn 
white, they alvrnyu iuu»od onoh other In tho T 

(ollowlngordgr — 

1st ring, or lit ordor of colour* Black, very ^ ‘"y? 

lalnt bluo, brilliant, white, yollow, orange, red <£\Li 

$d ring Dark purple, or rathor violet, blue, fijff ^taE-P JjrT 

n vory lraporfcU yellow groon, vivid yellow, /rfjKL yL 

irlmion rml 

Id ring Purple, bluo, rich gmi green, fina ^ * 

yellow, pink, crlmion 

Ith ring Dull hlulih green, pale yellowlih pink, red 
/ith ling Pnlo biulih green, whlto, pink 
Uh ring Palo bluo green, palo pink 
7th ring i Very palo biulih groon, very palo pink 
After tho wventh order, the ooloun became too JabH to bo dlitlnguiihiu] 
ITio ringi dotrcqio lu breadth, and tho oolour* bocoma more crowded 
together, a* llioy recede from tho centre When tho light ti honiogenoou*, 
tho ring* mo broadort In the red, aikl dooromo in breadth with every 8Ut- 
cmiIvo colour of the ipoetrum to the violet 
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Notf 199, p SOI The tbiolulo thlcknow of tlio film of air between tho 
gtiuef U found ri follow* ^Lct A TB C, fig 60 , Ikj tho wcllon of a ten* 
lying on a pbwo aurface or plate of Hg 

glao F F, soon odgewlio, one! let 
U C bo tho dluneter of tho iphoro of 
which the lena 1» a Bogmont If AD 
bo tho dlunotor of any one of New- 
ton'! ring*, and BD pinllol to C E, 
them BD or CT li tho thlcktuMiof 
tho air producing it D C L§ n known 
quantity, andwhon AB the diameter 
ii mooiured with compai*w, B D or 
F G can bo computed Hew ton found 
that the length ofBD, eorreap ending 
to Lho darkeit part of tho flnt ring, if 
tho 96000th part of in Inch when * 
tho raya fall perpendicularly on the 
Ictu, and from this ho deduced tho thleknciis corresponding to each colour 
in tho Byitem of ring* By peulrig ouch colour of tlio iolar spectrum in 
lucceuion over tho lenieij Newton alio determined tho thkknois or Lhc 
film of air correapondlng to each oolour from the breadth of lho rlngt, which 
nro alwaya of tho wimo oolour with tho homogcticoui light 



NotbIW p *06 There aro aoTon ringi, and not 
three, as italcd In tho text Lei L V, Qg 00 , bo a 
len« of rory ihort focus flxod m tho window shutter 
ora darkroom A sunbeam 3 L 1/ paiting through 
tho leni, will bo brought to Q focui In F, whence It 
will dlvorgo in llnw FC, I'D, nnd will form a olr- 
cular unago of ll^ht on the oppoaite wall Suppaio 
a ihoet of lead, having a imall pin hole pleructl 
through It, to be placed in thU beam j whon the pin 
holo !• viewed from behind with a lens at L, It U 
aunoundod with a iDfleaof coloured ring!, which 
▼ary in ippeanmea with tho roUtira poaltloni of tho 
pin holo and eyo with regard to the point r When 
the hole Is tho 30th of an mch In diameter and at 
tho dUtaiwo of 6] feci from T, when vlcwod nt tho 
diitance of £4 lnobw, thero are seven ringi of tlio 
Ibliowing odour! — 

ltt order White, palo yellow, yellow, cringe 
dull red 

Sd order Violet, blue, whltjib, greotiUh yellow, 
One yellow, orange rod 

Sd order * Purple, indigo bine, grwmlih blue, bril 
B#tra green, yettow green, red 

,4tb ordor i Good green, bluish while, red 
'hS* Qrd0r ^ S*** 1 ' ftUlt Wulih "M*- iblnt 


Fig CO 




r 



NOTES 


469 


Glh ordor Very faint green, V0T i ^ lnt ^ 
7 tli order A trace of grcoo anil rod 


NotpITS p 207 Lot LL', fig 0J,bo 
the aoctlon of a loin placed In a window 
si iu tier, through which a very imall beam 
of light S L V pa«c* Into a dark room, 
aiul comes to a fbcui In T If tho edge 
of a knlfb KM bo held In tho beam, 
the i Ayi bund away ftom It In hyperbolic 
curves KjjKr'j&.c iiuload of coming 
directly to Lho Borornt In thcitralght Uno 
KE, which U lho boundary of tho Win- 
dow At thwo bonding rayi arrlvo At 
tlio tmocn In dlfllront states of undula 
tlou, thoy Inlorforo, and form arerloi of 
oolouicdfrtngoi, r &o along tbo odgo 
of the Shadow K.ESN of tho knife 
ftio fringes vary In breadth with tho 
rolatlvo rtlitanoos of tlio knlfo odgo at*] 
u roon from T 



N om 190 ]> 810 llg KJ lcproionl* tho phonomonon In queilioti, where 
S b It lho surface, atxl I tlio contra of Incident wave* Tho refloated waved 
aro lho dark lines returning towards 1, which aro the samo m If thoy had 
originated in C on tho other ildo of tho lurfhoo 


Fig 02 



Nerr 107 |> 213 rig G2 ropresonU a prismatic plcco of tour 
mnlluo, whoto rxU li A X Tlio slices that aro used fbr polar 
ting light aro cut parallel to A X 



NorMOS p 819 Dwblt rttf) nelfai If a pencil ofllgbt Ilr, flg 03, 
falls upon a rhombohodron of Ioolaitu ipar A J1 X C, It Ls separated Into 
two equal ponolli of light at » , which nro refracted In tho dircctloni r O, 
r E when Ihoio arrive at O and L thoy aro again refracted, and put Into 
ii ii s 
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tho air In the direction* Oo, Ed, parallel to ono mother and to tho incident 
f#y 11 r 4 TIio ray ) 0 la refracted according to tho ordinary law, wbloli Is, 



thst tho ilnot of tha angles of Inoidotioo and refraction bear a constant r» 
Uo to one unothor (ioo Noto IBS ), and tho ray* R r, r O, 0 o, nra all In tho 
Riino plane Tho pencil rE, on tho contrary, Jibont oaUlooutof that plane, 
and Its refraction do** not fbltow the conitant ratio of tho rinoi r E la 
therefore called tho extraordinary ray, and r O tho ordinary ray In eon 
sequence of tbli btioctton of tho light, r ipoi of Ink at O li *ccn doublo at 
O and E, whon viewed from r, and whon tho crystal li turnort round, tho 
imago E revolves about O, whloh remain* stationary 

Nora 109 p Sid Both of the parallel] rayi 0 o and E o, flg C3 , aro po- 
larised on leaving tho doubly refracting crystal, and In both tho particle* of 
light matte tliolr vlbratloni at right angles to tho line* Oo, Eo Tn tho ono, 
however, tboto vibration* Ho, for example, In tho phno of tho horlron, 
while tho vibration* of the other Ho In tho \ ortlcal piano perpendicular to 
tho horlton 

Ncrra SCO p S17 If light bo mndo to fall In various direction* on tlie 
natural face* of a cryital of Iceland spar, or on free* cut and poltihwl art! 
flclally, one direction AX, flg 60 , will bo found, along which tho light 
pane* without being separated Into two pencil* A X la tho optic ftxl* In 
*orae mbttancc* there are two optic axe* forming an anglo with oaoli 
other Tho optio ul* U not a fixed lino. It only ha* a fixed direction * for 
if a crystal or Iceland ■f't ho divided into imallfir crystal*, oaoh will lw t* 
Hi optic axlij Uit Lfall thc*o piece* bo put together again, their optic axe* 
willba parallel to A X Every line, therefore, within tho oryital parallel to 
AX 1* an optic axli, hut m those Unci havo all tho same direction, tho 
crystal li »tUl said to have hut ono optic asli 

^OrsBOl p Sip If IC,flg 4S , bo tho Incident, and CS, tho reflected 
t*y»,thHi the particle* of pdarUed light mahe their vthratlons at righ 
aP|k| to the piano of the paper 

tfoTX ^02, p, $lft I*ot A B, fig 48 » be the surface of tho reflector, I C 
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tlio incident, and OS the reflected ray*, then, when tho angle SCIt U 
57 c , and tojuequcnUy tbo angle PCS oqunl to 33°, tiio bluok ipot will In. 
acDfi at C by an oyo at 8 

Korn 803 p SSO Let A B, fig 48 , bo a reflecting lurfisro, I C tho nr 
cklont, and C S tho reflected rayi, them, If tho aurfaco bo plato gliu, the 
angle S C N mu»t be fi7°, In order that C S may be polnnicd If tho sur 
fato bo crown glan or water, tbo angle S C B rayal bo fie 0 fiS 7 Ibr tho flrit, 
nnd W° IP Ibr tho aecond, !n order to glvo a polariwd ray 

Nqtf 801 p 228 A pobirWitg apparatus !i reprwentod In fig 01 , 

rtg &i 



wboro tt r la a ray of light falling on a plot □ or gt a*fl r at an angle of 5 r 0 L 
tbc reflected ray rt Is then point lied, and may bo Ylewod through a plwc 
or tourmaline In i, or It may bo received on another phtc of glm* , B, who* e 
iurfaco lint right nnglea to tho auilkce of ) Uio rny i j U again roflericd 
In i , and come* to tho oyo In tho direction t C The plsto of mica, W I, or 
oi any wbitnnoa that U to bo oxamlnod, U pincod between tlio poinli r 
and j 

NittfSO 1 ) p 821 In order to eee tfirto figures, tbo poiarlicd ray» i, 
flg (H , mint pan through tlio optic axl* of tho cryitnl, which must be hold 
an noar ai possible to i on one ildo, and tlio oyo placed ru new oi poiilblc 
to I on tho other Iig 05 show* tho Imago fbnuod by i qtjUaI orico 


A? <w ns m 
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land ipir which fia« one opllo nxls fht colours in tho ring* nro oxailly 
ihoiamowltli those of Newton 1 * ll tigs given In Note JD2, nnd tho cro*i is 
black If tho *pai bo turned round JU axil, tho ring* lufTLr no change , 

I Hit If tho toum^Hno through whioh It Ls viewed, or tho plfito of glen fl, 
bo turned round, thli figure will bo loen nt tho angles 0°, 00°, 180°, nnd 
£70° of itJ revolution But in the Intermediate points, that Is, at tho an 
glee Idfio, another *y* tern will appear, such si ropre 

wonted In fig 6G,whcro all the colours of tho rings mo cam piemen lory 
to those of flg 65 , and the bhek oro« U white Iho two Bjstomj of rings, 
if luperpocfl, would produce white light 

Note S06 p fist Saltpetre, or ultro, crystallises in ilx sided prisms 
haring two op tie ftfci Inclined to one auothor at on nnglo of 5° Aslico 
of thli rotntanco about tho 6th or 8th of*n Inch thick, cut porpendlcularJy 
to tho axis ot Iho prion, and placed vory near to 4 , fig 64 * 10 that the 
polarised ray rt may pan through It, exhibits tho ayitom pf rings ropre- 
wntod In fig 07 , whore tho point* C and C mark tho poiiilon ot the op 
ttoaxci Whui UioplatoB, fig 81, It turned round, tho linage changes 


G7 


Jtf C8 



■upowtfejy to thdso givon in figs 68 , ffi) , and 70 Tho colours or tho 
rin|< 1 Ml* unie 'wltti thote of thin plates, but they vary with the 

ttitokherfijOf tho nUro Their breadth oturgci or dltninlshte also with tho 
c^lpqr, when homogeneous light is used. 


NoTr* 207 p m. ng 71 roprcwnti llio flp|«arnnco produced bj phdng 
mllco of rook cryilal In thopolnrlaod rayr#* flff 6* The uniform colour In 
tho Interior of Llio Imago dqumb! upon tho thick rig 71 

ncMoftlioailcoj but whatever that colour may bo, 

It will Alternately attain# imrrimum brlghtnoH 
ami vatilih with llio revolution of tho glaw U 
It maybcQbrervcd.thatlhotwokliKli of quart*, 
or rook crystal, mentioned in the text, are com- 
bined In (ho amoihyil, wbkli coruUtj of alter 
nato layora of right-handed and loft handed 
quartr, whore pbmw aropandtol to tho a<Uof 
tho Lrjitnl 

Nora $08 p 280 Supptw tho major uli A P of an olllpee, fig 81 , to 
bo Invnriabloj but tho exocniriolty C8 continually (o dlqilnUh, the olllpre 
would bulga inoro and more ) and when Cfi vnnlihed, It would bocoroo a 
drolo whore diameter Ji \ P Again, If tho oxconlrtcity wore continually 
to liioraou, tho oHIpao would bo more and more flaltcnod Ull CSwai equal 
to CT, whan It would become a atralght lliio AT Tho olrolo and itrelght 
lino nro therefore tho llmlta of tho olllpw 

Not? 200 p 291 U ho coloured ring* are produced by tho Interference 
or two polarliod rayj In dlffbront itntoa of uodulaiiorij on tho principle ex- 
plained fbr ooramwi light 

NoipSIO p 5W A vurror Ji a pollihod motullio rerfkoe, wldch may bo 
piano, oonvox, or concave 
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Nora p S 9 i The clau Crypfogawta contain! tlio Ami* nKrttoa, 
JUngUKw, and tea weeds In all of which tho p^itt of the flower* aro 
oithor llttlo known, or 100 minute to bo ovidont 

Norogl? p S97 Zoophitti are (he animals which form madrepores, 
coraK sponge*, &c 

Notp 913 p 597 Tho Saw ian h)bet arc creatures of thollxnrd or croco 
dllo kind Bomo of those found In a foul) Btato nro of enormous (Ire 

NoteCIj. p &U. Whoo a dream 
of posltlvo cdoctnoriy dcacetidi from 1* 
lo », fig 72 , In a vortical wire at righL 
angina to the piano of (bo horiiontal 
clrclo A 13 , |ho negative eloclrlolty ai 
candii (h>m n to P, and tlio force o\ 
oried by tho current make* Uio north 

pqlo of a magnet revolve about tho wire Ai 

In the direction of tho arrow hoada in 
the circa reference, and i( nuke* tho 
aotith polo revolve In the opposite dl 
redion When tho current of po*j 
live electricity flowi upward* fh^m n 
to V, those oflbcti are reversed 

Note 235 p 340 rig 
mlnalcd by two cup* con 
tuning « httlo qulokill 
vpr When tho positive 
wire of a Volialo battery 
Is immersed In tho cup P, 

*nd the negative In the 
uip n, the circuit lu 
completed The quick. 

(diver Insure* tho con nec 

Won botween the battery 
*nd the hoiK, by convey 
ibg the eloctnclty from the one to the othor >Vhllo tho oJedrlolty flows 
Wough tho briix, the magnet S N remalni suspended within It, but fills 
(town ths nuuneot It cease* Tho magnet always luma Its south polo S 
toward i V the potjtfro wire of the battory, and Its north polo towairti tho 
nogaUvo wire 

Nora 81(1 p 351 A copper wire oolled In tho form reprofonted In flg 
” “ o. dynamic cylinder When III eT fremiti os T and n are 

coopoctsd with the positive sod negative poles or a Voltaic battery, it bp 
oomw ft perfect magnet during tho time that a current of oloctrkslty h 
flowing through U, Panda bainfl it( north and «outh polos 1 hero arc a 

yirlety qr forms of tpli apparatus 


75 represents a helix or coll of coppe wire, tor 
77^78 
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Non 317 p 10* Ono of tho globular elusion mentioned in tho IotI, |a 
rcprotcntod In fig 1 plntoS The itan are gradually con donacd towards 
tho conlro, where they run togolhor Into n blnxo somowhet liko 0 snowball 
Tiro more condoned part li projected on a ground or Irregularly lea L to rod 
ahn 4 APhloh Alls tho wholo Hold or tho tolcxcopo Ihoro aro fbw itnr* to 
tho neighbourhood of this cluitor 

Nutt 218 p 106 rig 2 plate 5 represent* oi*s of those otwmouj 
nn*,* In iti obliquo position It has a dark space In tboconlro, with u small 
star at each extremity 

Non 210 p J07 rig 3 plate 5 may convoy *omo Idea of tho ring In 
the constellation of tho Lyro mentioned in tho toxt 

Noip 220 p 407 This most wonderful object hai the appoaranco of 
llgl pinto fi Tho southern hood i« donwr than tho northern The light 
of till* object U perfectly mlJky There nro one or two stars In It 

Non 221 p 407 Ilg 5 plate 5 reproi on (i this brother ay stem 

Norrr 23°. p 108 3 Ig 0 pinto 0 represents ona of tho spindle shaped 
nobuls 
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MECHANISM of tho HLAVI NS By Mm SosumiiTF With mime 
n«u Woodcut# Sfo 30/ < 

Tho PRINCIPLES of HI 01 OG\ , with ft Cm^m, containing An I v 
phanatlon of Bctontlflc Twrai, and a opplnira Indp\ Tiy Iihmim L^n, 
FH8, Iorclgti Senary of Uio UoaiCwical Society A Nlw And < hutp 
Edition, being the f/axt, t ?oli 12mo SS# IllualrAled with U/ WorMlultN, 
37 Plate* and Map# 

Since the publication of tho formoi odltlona ot thK work, the Author bni 
travelled over a large part of tho Continent of rur^tt tor the mujirwe or veil 
f^ing racta, And cellecllnR new mutorlab In the prc^c lit ulUion lie inn on> 
bodied all hU own otHurvitlnm, together with a tnit quantity of now fji< U 
brought to light since tht Rrat apjttflianco of the wnik, with h lina been moil 
-mntonally Improwxl by there correction# wmI Addition#, and yet tht nrh t lin» 
been rqduced nearly one holt bororal ntw Illustration a have bun rnuluL anil 
the Olownry at thi oml of the fourth rnlnitto will ronaldi labty nisht tlioin 
THhlon who arc unaoqualutod ulth tho I lotnoiila uf Otology 

ELEMENTS of GEOT 0(iY In the form of DJnlflgue#, with nnnunoui 
Illustration# pi 1 ouil Remnlm Intended for tlio um ol student# l)y(nmin 
X.\KLi^rRS lvol 15 hh> ^ 

CONSOT ATIONS Irt TRAVEL. or, tho EAST ]) MS ol a PJIlLOSO 
PtTLR By Sir Hl(vpiia\ Pm, Ulo Pioiltlont of tho Royal SoOoty In 
1 vol Printed uniformly with 11 SMuionJa "6/ 

SALMON! A f or, D IYS of 1LY riSIIING Third I illtlon, with PfiitM 
ond Woodcut# 12 # 


The JOURNAL of a NAPURALIST Third Edition, pote Bvo , wlHi 
nu moron# addition i and Imprwyemontj, Platci, and WoodotiU, II# 

— Plant#, lithm, and rtmjoa, ml noto, 
pirn#, !nif.ct# # boojtj, and many mud things 

,# lt U a book that ought to flud If* way Into ovor 5 mral drawing room In 
tha kingdom, and ono that may Mfoly bo placed In c\ cry lady’s boudoir, bo bu 
rank tnditifkm in liffe what they may ( luaUcilj/ }h view, No 78 

LFLbMICAL - MANIPULATION , being IiutrucBona to Student# In Chr- 
mlstry on tho Method# of performing rxiwrlmenti of Homonitmtlon ur ol 
itaaearch with aocunwy and luccon lij Miuivfl I \jninr, 1 11 H 1 li !? 
II R I 8vo 18# 


A MANUAL of CHbMIS’l RY, Prnotltnl and Ihoorotlcal j containing an 
Acrxiqnfrofallro«mt InTHtigatlmi# wuUHHovorlci I]y \Y r RhaNIh . I« R 8 , 
Proreaior ot Chemjitry at tho Royal Initiation, ki tomproeiul into 2 vol/ 

, ' n!ir<1V1 - 11 ' wU " 

iSJi pf i tlw Of m I INI ii- movou* 

!h^S2i nr l i l which thoyiojnWno, oompllo<l fhi 

'8m> a# ^ Cheralcrat 8tudLQt i " nd Hanufacuirar# liy W T iltuvn^ 1 It i 

b ?) n£ } h T Q of it Coyrao or T^clurfa 
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